Jiirla Central Hibrarn v 

PILAlSl (Jaipur Stah*) ^ 

I 

Class No ^ f 

Book No :- ^ ^ ^ 

Accession No > Jiy/8 2 

x'^ '■^ •.^•v^gjpk ^ 





ORGANIC REAGENTS FOR ORGANIC ANALYSIS 



ORGANIC REAGENTS FOR 
METALS 

AND FOR CERTAIN ACID RADICALS 

4th Edition 1944 

Pp. 176 - 4/- post free 

BY THE STAFF OF THE 
RESEARCH LABORATORY OF 
HOPKIN & WILLIAMS LTD. 

With a foreword by 

Dr. a. D. MITCHELL and Dr. A. M. WARD 

The volume consists of forty-four monographs on the use of 
organic reagents in inorganic -analysis. Many of these sub¬ 
stances, though worthy of adoption as routine reagents for the 
detection and determination of certain metals, have not y<A found 
their way into the standard text books. This book places in the 
analyst’s hands, in a concise form, much information which, on 
account of its recent nature, has hitherto appeared only in the 
technical journals. In addition, the techniques described have 
been subjected to careful examination in the research laboratories 
of the company to ensure their complete reliability. 

Orders may be addressed to 

HOPKIN & WILLIAMS LTD. 

ST, CROSS STREET, HAMPTON GARDEN 
LONDON, E.C. I 



ORGANIC REAGENTS 

FOR 

ORGANIC ANALYSIS 


BY THE STAFF OF THE 
RESEARCH LABORATORY OF 
HOPKIN & WILLIAMS LTD. 



PUBUSH ED BY 

HOPKIN & WILLIAMS LTD. 
ST. CROSS STREET 
LONDON, E.C.l 
1944 



CONTmiJ<S 

^AQS 

General Survey . 9 

Selected Reagents ----- 33 

Melting Point Tables - ■ - - 109 

Index. 164 




PREFACE 

* 

While investigating the preparation of a number of reagents for 
which a demand had arisen it became evident that the literature 
lacked an up-to-date review of their application to organic 
analysis. We venture to believe that such a review may serve a 
useful purpose in many laboratories concerned with organic 
chemical research and analysis and have been encouraged id this 
view by the continued demand for our previous publication 
“ Organic Reagents for Metals The two books have something 
in common in that they supplement existing text books with 
information on reagents from the more recent literature. In 
“ Organic Reagents for Metals” the emphasis was rather on the 
reagent and its capabilities, a departure from the usual text 
book treatment. In the present volume we have followed the 
same principle, but have judged it an advantage in this case to 
introduce a preliminary section which constitutes a necessary 
guide in the rather more complicated circumstances. 

The scope of the book embraces strictly w hat we have at¬ 
tempted to imply in a reasonably short title, the use of organic 
reagents in pre?paring derivatives of organic substances for pur¬ 
poses of identification by melting points. The preliminary stages 
of such an investigation and the alternative methods such as 
nitration, oxidation, reduction and bromination, applicable to 
many problems are not dealt with, but where a reagent has 
important quantitative uses of general application these are 
included. 

The choice of reagents for inclusion has not always been easy, 
particularly where the literature provides a long series of reagents 
of closely similar type. Selection has been the outcome of practical 
re-investigation on the part of the compilers together with due 
consideration of the following factors : 

(a) Accessibility of the reagent, which usually means, can it be 

produced at a reasonable price? 

(b) Stability of the reagent. 
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(c) Simplicity, convenience and speed with which derivatives 

can be prepared and recrystallised in reasonably good 
yield. 

(d) The derivatives should melt within a convenient tempera¬ 

ture range, ideally between 100° and 250°. 

(e) The meltitig points should diflfer sufficiently one from an¬ 

other for the derivatives of closely related compounds, 
e.g. in an homologous series or for o-, m- and p- isomers. 

(/) The availability of an extensive series of melting points has 
been considered desirable but this has not been regarded 
as essential to the inclusion of some of the newer reagents 
since these, if they justify themselves, will eventually 
have further values determined. 

(g) If the reagent provides derivatives having a free reactive 
group (e.g. carboxyl) which permits of titration this is 
considered a strong recommendation. 

Possibly we have excluded some reagents which had a fair 
claim to a place, but all those that have come to our notice are 
reviewed briefly in Section I and literature references are included 
there for the guidance of readers whose interest extends beyond 
our own choice. The literature quoted in both sections includes 
only papers which feature the use of the reagents ; there are 
many others from which melting points have been taken. 

Our practical work has given us opportunity to check some of 
the published meltiiig points and to determine some new ones. 
We have found a disturbingly large number of cases where the 
literature and the reference books are contradictory or inaccurate 
on melting points. In many cawses of contradiction we have 
satisfied ourselves as to the correct figure and we shall be grateful 
for any further amendments to the values quoted in our tables. 

Certain reagents have been employed in the identification of 
sugars and of the amino derivatives of the fatty acids. Such 
methods, however, either depend upon characteristics other than 
melting points or are of an importance which is secondary to other 
accepted means of identification. For these reasons the substances 
in these two classes have received only passing mention and 
neither group appears in the tables. 
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It is assumed throughout that the analyst will prepare at least 
two derivatives of any unknown, and references are occasionally 
made in the text to this desirable practice. 

Apart from the many periodicals quoted in the various biblio¬ 
graphies we are deeply indebted to the following books of reference. 
Beilstein^s Handbuch der organischen Ghemie 

Organic Analysis, Qualitative d: Quantitative 

E. DE Barrv Barnett and P. C. L. Thorne 

The Systematic Identification of Organic Compounds 
R. L. Shriner and R. C. Fuson 

Reactions of Organic Compounds 
W. J. Hickinbottom 

The IdentificMion of Pure Organic Compounds 
E. H. Huntress and S. P. Mulliken 

The present volume is the outcome of collaboration of the 
undersigned and his colleagues Dr. R. J. Shennan, M.Sc., F.R.I.C., 
and Mr. R. A. Reed, B.Sc., F.R.I.C.. 

W. C. Johnson, 
Chief Chemist. 

HOPKIN & WILLIAMS LTD. 

St. Cross Street, 

London, E.O. 1. 



NOTE 

All the selected reagents are available from Hopkin & Williams, 
Ltd. A number of those described as “ other reagents ” will also 
be found in the catalogue of fine chemicals issued by the company. 
Enquiries for reagents which are not catalogued will receive 
careful consideration but it is evident that in very many cases the 
demand to be anticipated will not warrant manufacture. 



GENERAL SURVEY 


ACroS, CARBOXYLIC 

Selected Reagents 

Aniline. 

^-Bromophenacyl bromide. 
p-Nitrobenzyl bromide. 

Phenacyl bromide. 
p“Toluidine. 

Aniline and p-toluidine are the best reagents for the identifi¬ 
cation of the fatty acids, the final choice being governed by the 
particular acids to be differentiated. For the higher members 
of the fatty acid series there is no good reagent, and for the 
identification of these compounds it is necessary to resort to 
other methods. Generally speaking, the />-nitrobenzyl-, p-bromo- 
phenacyl-, and the phenacyl esters of the fatty acids are low 
melting point solids or liquids. 

The p-bromophenacyl-, phenacyl- and p-nitrobenzyl esters of 
the polybasic and aromatic carboxylic acids are all easily prepared 
and well crystallised derivatives, and there is little to choose 
between the three compounds for identification purposes. The 
melting points of a large number of p-nitrobenzyl esters are 
available. p-Bromophenacyl esters are usually of higher melting 
points than the corresponding phenacyl esters. 

Other Reagents 
o-Toluidine. 
p-Bromoaniline. 
o-Bromo-p-toluidine. 

2:4: 6-Tribromoaniline. 

^-Naphthylamine. 

l-Bromo-2-naphthylamine.. 

P. W. Kobertson, 116, 1210 (1919). 

a-Naphthylamine. 

P. W. Robertson, J.C.S., fi8, 1033 (1908). 

PP'-Diaminodiphenylmethane. 

A, W: Raeston and M. R. McCobki^e, J.A.C.3., 61, 1604 (1939). 

9 
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0 -Phenylenediamine. 

R. Seka and R. H. Muixeb, Monatsh.^ 67, 97 (1931). 

W. O. Pool, H. J. Habwood and A. W. Ralston, J,A.€.S., 69, 178 
(1937). 

Benzyl-iso-thiourea hydrochloride. 

(for refs, see monograph, p. 42). 

* 

p-Chlorobenzyl-iso-thiourea hydrochloride. 

B, T. Dewey and R. B, Spebby, J,A,C,S., 61, 3251 (1939). 

T^-Bromobenzyl-iso-thiourea hydrobromide. 

B. T. Dewey and M. G. Shasky, J.A.C.S., 68, 3626 (1941). 

Ti-Chlorophenacyl bromide. 

W. L. JuDEFiND and E. E. Reid. J.A.C.S., 42, 1043 (1920). 

/)-Iodophenacyl bromide. 

W. L. JuDBFiND and E. E. Reid. J.A.C.S., 42, 1043 (1920). 

R. H. Hann, E. E. Reid and G. S. Jamieson. J,A.C\8„ 62, 818 (1930). 

p-Phenylphenacyl bromide. 

N. L. Drake and J. Bbonitsky. J.A.C.S., 52, 3716 (1930). 

p-Nitrobenzyl chloride, i 

p-Nitrobenzyl iodide. J 

{see p-Nitrobenzyl bromide monograph, p. 69, for refs.). 

The above reagents have all been employed for the character¬ 
isation of carboxylic acids but have not been considered worthy 
of inclusion. The first seven have been used in precisely the same 
way and for the same purposes as aniline and p-toluidine. As 
they offer no advantages over the last-named they appear super¬ 
fluous. 

o-Phenylenediamine forms easily prepared and nicely crystalline 
alkylbenziminazoles with the fatty acids, but unfortunately the 
melting points of the derivatives are too close to be of much 
service. pp'-Diaminodiphenylmethane condensates with the same 
class of acids suffer a similar failing. 

Bepzyl-i^o-thiourea hydrochloride, p-chlorobenzyl-i>o-thiourea 
hydrochloride and p-bromobenzyl-i<so-thiourea hydrobromide have 
been proposed as carboxylic acid reagents ; the melting points of 
the derivatives are again too close to merit any special attention. 
The first-named has been extended to sulphonic acids with con¬ 
siderable advantage, and a monograph on this reagent for sul- 
phonic acids is included. 

Phenacyl bromide and its p-bromo derivative have been dealt 
with in detail. Other members of this class include p-chloro- 
phenacyl-, p-iodophenacyl- and p-phenylphenacyl bromides which 
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have been employed for the same purpose, and these have 
no outstanding merits. In fact far fewer derivatives have been 
prepared with these than with the two selected examples. 

The only other carboxylic acid reagents are p-nitrobenzyl 
chloride and the corresponding iodide. These are employed in 
precisely the saihe way as the bromide and reference should be 
made to the monograph on p-nitrobenzyl bromide. 


ALCOHOLS 

Selected Reagents 

Acetic anhydride. 

3 : 5~Dinitrobenzoyl chloride. 
a-Naphthyl iso-cyanate. 
p-Nitrobenzoyl chloride. 
p-Nitrophenyl t5o-cyanate. 

3-Nitrophthalic anhydride. 

Phenyl i^o-cyanate. 
p-Xenyl w-cyanate. 

From our main standpoint of characterisation acetic anhydride 
may be disposed of immediately since the esters which it yields 
are generally liquid ; as a reagent for quantitative determination 
of hydroxyl it is, of course, of the utmost importance. 

A point of practical significance affecting all the reagents in 
varying degree is that they require careful storage to protect them 
from atmospheric moisture. The liquid reagents phenyl iso¬ 
cyanate and more particularly a-naphthyl i^o-cyanate possess 
some advantage on this score over the remainder, which are solids. 
3 : 5-Dinitrobenzoyl chloride and p-nitrophenyl i^ro-cyanate very 
rapidly absorb moisture and become useless unless their containers 
are completely sealed after use. 

The reagents vary also to a considerable extent with regard to 
the necessity for complete absence of moisture in the sample under 
examination, a condition not very readily achieved with the lower 
alcohols. Phenyl and p-nitrophenyl i^o-cyanates in particular 
yield an excessive proportion of substituted ureas if moisture is 
present in the reaction mixture. On the other hand, p-nitro- 
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benzoyl chloride may be used for dilute solutions of alcohols, while 
the remaining members of the above list are not too adve^s^ly 
affected by traces of water. 

For relative convenience of preparation of derivatives phenyl 
and a-naphthyl i^o-cyanates possess considerable advantages ; the 
reactions take place very readily under simple conditions and the 
products crystallise well from the recommended solvents. 

The melting points of most derfvatives of the monohydric 
alcohols are rather low, though this is not accompanied by any 
general difficulty in crystallisation as is liable to be the case with 
other classdf? of compound. Higher melting points are obtained 
with a-naphthyl tso-cyanate and with p-xenyl iso-cyanate, and 
the lower melting esters obtained with 3 : 5-dinitrobenzoyl 
chloride may be combined with a-naphthylamine to yield addition 
compounds of higher melting point. The esters obtained with 
3-nitrophthalic anhydride are also of higher melting point than 
the average, but this reagent has an important additional 
advantage in that the derivatives have one free carboxyl group 
which may be titrated, thus affording a means of determining the 
molecular weight of the alcohol. 

The differentiation obtainable on melting points is generally 
fairly good amongst the lower alcohols and there are no reagents 
of outstanding merit from this point of view. A study of the 
tables is the best guide to individual cases. For alcohols contain¬ 
ing more than seven carbon atoms the melting point differences 
are uniformly poor and the series for each reagent is lacking in 
completeness. 

Other Reagents 

o-Nitrophenyl i^o-cyanate. 

m-Nitrophenyl i^o-cyanate. 

3:5-Dmitrophenyl isc-cyanate, 

F. Hoeke. Rec. trav, chim., 54, 606 (1935), 

p-Methoxyphenyl i^o-cyanate. 

3 : 4-Dimethoxyphenyl it?o-cyanate. 

O. Brunnbb and R. WdHRL. MonaUh,, 63, 377 (1933). 

4-Iododiphenyl-4'-i50-cyanate. 

S, Kawai and K. Tamura. Inst, Rhys, and Ckem* Bes*, Tokyo, 13» Ko, 
262 (1930). 
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2:4: 6-Trinitrobenzoyl chloride. 

]BI. C. Chang and C. H. Kao. J. Chinese Chem, Soc,, 8» 261 (1935). 

Anthraqmnone-2-carboxylic acid chloride. 

T. Reichstein. Helv, Chim, Acta^ 9, 803 (1926). 

l-Nitroanthraquinone-2-oarboxylic acid chloride. 

P. P. T. Sah and T. S. Ma. J. Chinese Chem, Soc., 1, 61 (1933). 

Bromomethylphthalimide. 

H. H. Hopkins. J.A.G.S., 45. 641 (1923). 

Phthalic anhydride. 

The i^o-cyanates are already represented by those which appear 
to offer the greatest advantages. 

There is no reason to prefer 2:4: 6-trinitrobenzoyl chloride to 
the more readily accessible 3 : 5-dinitrobenzoyl chloride. 

The two anthraquinone compounds appear to have useful 
characteristics but no satisfactory methods are available for their 
commercial production. 

Bromomethylphthalimide requires anhydrous alcohols when 
preparing derivatives. 

Phthalic anhydride yields esters with melting points too low 
for convenient manipulation ; its 3-nitro derivative is far more 
satisfactory. 


ALDEHYDES AND KETONES 

Selected Reagents 

Benzaldehyde (ketomethylenes only). 

Dimedone (aldehydes only). 

2 : 4-Dinitrophenylhydrazine. 

Hydroxylamine hydrochloride. 
p-Nitrophenylhydrazine. 

Phenylhydrazine hydrochloride. 
4-Phenylsemicarbazide. 

Semicarbazide hydrochloride. 
p-Thiocyanophenylhydrazine hydrochloride. 
Thiosemicarbazide. 

The older reagents, hydroxylamine, phenylhydrazine and semi- 
oarbazide hydrochlorides have one advantage in common: that a 
fairly comprehensive range of melting points is available in each 



14 ORGANIC REAGENTS FOB ORGANIC ANALYSIS 

case and for this reason, if for no other, one or other of these 
reagents would be employed in the first instance. The first two 
have considerable limitations in that, for example, the carbonyl 
compounds of low molecular weight give derivatives which are 
liquid or of very low melting point, while phenylhydrazones decom¬ 
pose rather rapidly. p-Nitro- and 2 : 4-dinitro-phenylhydrazine 
yield higher melting derivatives even with the lower members of 
the series; both these reagents have a comprehensive series of melt¬ 
ing points and may claim equal importance with those mentioned 
above. 

For quantitative purposes hydroxylamine hydrochloride retains 
its importance as the basis of the standard volumetric procedure. 
Other quantitative methods have been devised in which phenyl- 
hydrazine, p-nitrophenylhydrazine and 2 : 4-dinitrophenylhydra- 
zine are used. Thiosemicarbazones form metallic compounds and 
are thus adaptable to the determination of molecular weights. 
Formaldehyde may very conveniently be determined with dime- 
done, which is also a very sensitive and selective reagent for this 
aldehyde. 

Dimedone has the distinction of providing two derivatives from 
each aldehyde and, since it does not react with ketones, may be 
found of special use where mixtures are concerned. 

Other Reagents 

o-Bromobenzhydrazide. 

P. P. T. Sah et ah Sci. Rep, Nat. Taing Hvu Univ,^ 8, 555 (1936). 

m-Bromobenzhydrazide. 

P. P. T. Sah et al. J. Chinese Chem. Soc,, 4 , 70 (1936). 

j?-Bromobenzhydrazide. 

P. P. T. Sah et al. Sci. Rep. Nat. Teing Hua Univ.^ 8, 280 (1935). 

o-Chlorobenzhydrazide. 

T. H. Sun and P. P. T. Sah. Sci. Rep. Nat. Tsing Bua Univ,, 2, 360 
(1934). 

m-Chlorob.enzhydrazide. 

P. P. T. Sah and C4 S, Wu. Sci. Rep. Nat* Tsing Hva Unii>.p 8» 446 
>1936). 

p-Chlorobenzhydrazide. 

G. Shih and P, P. T. Sah. Soi. Rep, Nat, Tsing Hua Vniv.t 2,363 (1934). 

3 : 5-Dinitrobenzhydrazide. 

3^ P. T. Sah and T. S. Ma. J. Chinm Chem. Sac., 11, 40 (1934). 
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Z-Menthydrazide. 

R, B. WooDWABD, T. P. Kohman aod G. C. Harris. J.A.C^S,, 68, 
120 (1941). 

)8-N aphthy drazide. 

P. P. T. Sah. J. Chinese Chem. Soc,, 4, 63 (1936). 

0-, m- and p-Nitrobenzene sulphonhydrazide. 

A. A. M. Witte. Eec. trav, chim,, 61, 302 (1932). 

o-Nitrobenzhydrazide. 

P. P. T. Sah and C. H. Kao. Set. Rep. Nat. Tsing Hua Univ., 8, 461 
(1936). 

P. P. T. Sah and W. H. Yin. Rec. trav. chim., 59, 241 (1940). 

m-N itrobenzhy drazide. 

H. H. Strain, J.A.C.S., 67, 758 (1936). 

P. P. T. Sah and C. H. Kao. Sci. Rep. Nat. Tsing Hua Univ., 8, 461 
(1936). 

p-Nitrobenzhy drazide. 

P. Chen. J. Chinese Chem. Soc., 8, 261 (1935). 

Girard’s Reagent P (Pyridinium acetohydrazide' 
chloride). 

Girard’s Reagent T (Trimethylammonium aceto¬ 
hydrazide chloride). 

A. Girard and G. Sandtjlesco. Helv. Chim. Acta, 19, 1095 (1936). 

1 -Benzyl-1 -phenylhydrazine. 

Van Ekenstein and Lorry de Bruyn. Rec. trav. chim., 16, 226 (1896) ; 
A. Hofmann. Ann., 866, 277 (1909). 

p-Bromophenylhydrazine hydrochloride. 

H. Bietz and F. Sieden. Ann., 324, 315 (1902). 

Carboxy-methyl-hydrazine. 

M. Anchel and R. Sohoenheimeb. J. Biol, Chem., 114, 644 (1936). 

o-Carboxy-pheny Ihydrazine. 

S. Veibkl et al.' B.C.A., AH, 33 (1944). 

m-Carboxy-phenylhydrazine. 

R. WiLLSTATTER et al. Ann., 418, 127 (1919). 

p-Carboxy-phenylhydrazine. 

M. Anchee and R. Schoen33eimeb. J. Biol. Chem., 114, 539 (1936). 

S. Veibel et al. B.C.A., All, 33 (1944). 

p-Chlorophenylhydrazine hydrocbloride. 

P. P. T. Sah et al. Sci. Rep. Nat. Tsing Hua Univ., 8, 8 (1933). 

a^ym-Diphenylhydrazine hydrochloride. 

E. Fischer. Ann., 190, 175 (1878). 

A. D, Maitrenbrechbr. Ber., 89, 3684 (1906). 

1 -Methyl-1 -phenylhydrazine. 

H. R. Stevens and F, W. Ward. J.C.S-. 126, 1328 (1924). 

C. Nbdbero, Mer.f 86 959,2626 (1902). 
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a-Naphthylhydrazine hydrochloride. 

E. Fisohbr. Arm,, 282, 237 (1886). 

j8-Naphthylhydrazine hydrochloride. 

E. Fischsb. Ann., 282, 242 (1886). 

Nitroguanylhydrazine. 

W. F. Whitmobb et al. J.A.C.8., 67, 706 (1936). 

o-Nitrophenylhydrazine. ^ 

A. Bischlbb. JBer., 22, 2801 (1889). 

A. VAN Ekbnstbin and J. J. BLANKSicdA. Rec, Wav, chim,, 24, 37 (1905). 

m-Nitrophenylhydrazine. 

A. BiSGHXiBB and S. Bbodsky. Ber., 22, 2809 (1889). 

A. VAN Ekenstein and J. J. Blanksma. Rec, trav, chim,t 24, 36 (1905). 

Phenylhydrazine-p-sulphonic acid. 

H. Biltz, a. MAuis and F. Siedbn. Ber., 85, 2004 (1902). 

o-Tolylhydrazine hydrochloride. 

P. P. T. Sah and T. S. Ma. Set, Rep. Nat. Taing Him Univ., 1,261 (1932). 

m-Tolylhydrazine hydrochloride. 

P. P. T. Sah and 0. Z. Tseu. Sci, Rep. Nat. Tsing Hua Univ., 8, 403, 
409 (1936). 

p-Tolylhydrazine hydrochloride. 

P. P. T. Sah and H, H. Lei. Sci. Rep. Nat. Tsing Him Univ., 2, 1 (1933). 

2:4: 6-Trimtrophenylhydrazine. 

A. PUBGOTTI. Oazz., 24 [11, 113 (1894). 

p-Xenylhydrazine. 

H. MtiLLEB. Ber., 27, 3106 (1894). 

Benzy Isemicarbazide. 

I. V. Hopper. J. Roy. Tech. CoU. {Glasgow), 2 (1), 52 (1929), 

2 : 4-Dinitrophenylsemicarbazide. 

R. Babb^ 3 and L. Pich6. Canad. Res., 19B, 158 (1941); 20B, 17 (1942). 

3 : 5-Dinitrophenylsemicarbazide. 

P. P. T. Sah and P. C. Tao. J. Chinese Chem. Soc„ 4, 506 (1936). 
a-N aphthy Isemicarbazide. 

P. P. T. Sah and S. H. Chiano. J. Chinese Chem. Soc., 4, 496 (1936). 

^-Naphthylsemicarbazide, 

P. P. T. Sah and P. C. Tao. J, Chinese Chem. Soc., 4, 601 (1936). 
p-Nitrobenzylsemicarbazide, 
p-Nitrophenylsemicarbazide, 

p-Nitroxenylsemicarbazide. 

B. Babb£ and L. PiCH^b. Canad, J, Res., 10B, 158 (1941); BOB, 17 

(1942). 

o-Tolylsemicarbazide. 

H. H. Lei, P. P. T, Sah and C. Shih. J, Okmese Chem, Soc,, 8, 246 
(1935). 

m-Tolylsemioarbazide. 

P. P. T. Sah et al, J, Chinese Chem, Soc,, 4, 187 (1936). 
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2 ?”Tolylsemicarbazide. 

P. P. T. Sah and H. H. Lbi. Chinese Chem, Soc., 2, 167 (1934). 

p-Xenylsemicarbazide. 

P. P. T. Sah and I, S. Kao. Rec. trav. chim., 58, 469 (1939). 

Phenylsemioxamazide. 

P. P. T. Sah and W. P. H an. Sci, Rep, Nat. Tsing Him Univ.^ 3, 468 
(1036). 

Semioxamazide. 

L. G. RADOunFFE. Perfumery and Essential Oil Rec., 10, 39 (1919). 

Aminoguanidine. 

R. Basyeb. Ber., 27, 1919 (1894). 

0-Aminoglycollic acid. 

E. Borek and H. T. Clarke. J.A.C.S., 58, 2020 (1936). 

M. Anohel and R. Sohoenhbimer. J. Biol. Chem., 114, 642 (1936). 

The hydrazides are not represented in the selected reagents 
since, as a class, they yield derivatives with carbonyl compounds 
which do not crystallise satisfactorily. Girard’s reagents are 
employed for isolation and not for purposes of identification. 

The extensive series of substituted phenylhydrazines is repre¬ 
sented by three very useful members. Most of the others seem to 
have evoked little interest since their publication, while certain 
of them suffer positive disadvantages. For example, asym- 
diphenylhydrazine hydrochloride and o-nitrophenylhydrazine are 
unstable, while the tolylhydrazines, particularly the ortho com¬ 
pound,* yield unstable derivatives. Phenylhydrazine-p-sulphonic 
acid gives derivatives which melt unduly high with decom¬ 
position. 2:4: 6-Trinitrophenylhydrazine was investigated by 
an author whose melting points have been found quite unreliable. 

The substituted semicarbazides have received considerable 
attention but offer no significant advantage over semicarbazide 
itself except perhaps with certain of the normal aliphatic alde¬ 
hydes up to Cio- Melting pointy for the derivatives of a number of 
semicarbazides are tabulated in the paper cited under p-xenyl- 
semicarbazide. 

The derivatives of semioxamazide were found to be not 
readily prepared or purified and their melting points incon¬ 
veniently high. Aminoguanidine appears to have become 
obsolete as a reagent. No method is available for the preparation 
of 0-aminoglycollic acid on a satisfactory scale. 
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ALKALOIDS 

Selected Reagents 

Picric acid. 

Styphnic acid. 

Few reagents are available which yield derivatives having 
definite melting points, the best undoubtedly being picric and 
styphnic acids. The picrates and st 5 rphnates are easily prepared 
and, with the exception of those from some of the cinchona alka¬ 
loids, crystallise well. It is worthy of note that large discrepancies 
occur in the literature over the melting points of some deriva¬ 
tives ; thus, papaverine picrate is quoted by two different authors 
as having melting points, 183^^ and 154®. 

The crystalline forms of these derivatives have been stated by 
some workers to be better criteria than the melting points. 

Other Reagent 

Picrolonic acid. 

H. Matthss et <d. Arch. Pharm., 245» 112 (1907). 

L. Kovlibb and F. A. MCixeb, Mikrochem,, 43 (1937). 

The picrolonates of the alkaloids are unsatisfactory derivatives 

since their melting points lie very close together and melting 

is accompanied by decomposition. 


AMIDES 

Selected Reagent 

Xanthydrol. 

This reagent is very useful for identifying aliphatic amides 
when hydrolysis yields no useful product. 

Although aromatic amides yield solid acids on hydrolysis, the 
reagent still has a very useful confirmatory function. 

Other Reagent 

Phthalyl chloride. 

T. W. Evaire and W. M. J^icaK, J.A.€JS., SI, 3651 (1929). 

This reagent is of little general use since only four derivatives 
are described in the above paper. 
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AMINES, PRIMARY 

Selected Reagents 

Acetic anhydride. 

Benzaldehyde. 

Benzenesulphonyl chloride. 

Benzoyl chloride. 

2 : 4-Dinitrochlorobenzene. 

Formic acid. 
a-Naphthyl i«o-cyanate. 
a-Naphthyl i^o-thiocyanate. 
p-Nitrobenzaldehyde. 
p-Nitrophenyl i^o-cyanate. 

Phenyl i 50 -thiocyanate. 

Phthalic anhydride. 

Picric acid. 

Picryl chloride. 
p-Toluenesulphonyl chloride. 

1:3: 5"Trinitrobenzene. 

2:4: 5-Trinitrotoluene. 

The number of reagents for primary amines which have been 
investigated is greater than for any other class of compound. 
In the above list of seventeen selected reagents we have included 
only those which appear to possess particular merit. 

Most reagents for aliphatic primary amines yield derivatives 
of rather low melting point, and although benzoyl chloride may 
find occasional application, acetic anhydride is almost useless in 
this series. More generally useful reagents are 2 : 4-dinitroohloro- 
benzene, p-toluenesulphonyl chloride and phenyl i^o-thiocyanate, 
while phthalic anhydride, though giving some very low melting 
points, is of exceptional merit for the disparity throughout the 
range. The following yield derivatives of higher melting points: 
picric acid, a-naphthyl t>o-thiocyanate and 2:4: 5-trinitrotoluene. 

Since some of the lower aliphatic amines are commonly 
encountered in aqueous solution, picric acid should be 
mentioned as a reagent capable of direct application under 
these conditioiis. 
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When it is a question of characterising an aromatic amine the 
first choice of reagent would almost invariably be either acetic 
anhydride or benzoyl chloride, since there are far more melting 
points available for acetyl and benzoyl compounds than for the 
derivatives yielded by any of the other reagents. These two re¬ 
agents are also of simple application and afford well-crystallised 
derivatives though the benzoyl compounds are occasionally diffi¬ 
cult to solidify owing to occlusion of sodium benzoate. Formic 
acid and phthalic anhydride should also be considered as useful 
alternatives to acetic anhydride, for in both these cases a good 
range of melting points is available. 

The aromatic o-nitroamines require a catalyst to induce con¬ 
densation with acetic anhydride, but formic acid yields derivatives 
readily without the necessity of a catalyst. 2 : 4-])initrochloro- 
benzene and picryl chloride are not recommended for the nitro- 
>amines since few melting points are available. 

As a secondary choice for aromatic i)rimary amines the follow¬ 
ing are of equal merit on general considerations, while points of 
individual advantage will arise from a study of the monographs 
and melting point tables. 

2 : 4-Dinitrochlorobenzene. 
p-Nitrobenzaldehyde. • 

Phenyl i^o-thiocyanate. 

Picric acid. 

Picryl chloride. 
p-Toluepesulphonyl chloride. 

Picryl chloride has a distinctive advantage in that it frequently 
gives differently coloured derivatives with isomeric compounds. 
Thus o- and p-anisidines can be distinguished by the colour alone 
of their picramides. For the toluidines 2 : 4-dinitrochlorobenzene 
and p-nitrobenzaldehyde may be recommended. 

Benzidine and o-tolidine can readily be differentiated by means 
of benzaldehyde but with many other amines this reagent gives 
oily derivatives. 

Primary, secondary and tertiary amines may be separated by 
the use of benzene- or p-toluene-sulphonyl chloride and this is the 
only reason for the inclusion of the former reagent. 



AMINES, PBIMAEY 


21 


Other Reagents 

Benzylsulphonyl chloride. 

E. Fbomm and J. de S. Palma. Ber,, 89, 3308 (1906). 

T. B. Johnson and J. A. Ambler, J.A.C,S., 86, 372 (1914). 

C. S. Marvel and H. B. Gillespie. J.A.C,S,, 48, 2943 

p-Bromobenzcnesulphonyl chloride. 

W. SsoLONiNA. J. Bilss, Phys. Chem. Soc.^ 31, 643 (1899) ; C.Z., li, 
867 (1899). 

C. S. Marvel and F. E. Smith. J.A.C.S., 46, 2696 (1923). 
Methanesulphonyl chloride. 

C. S. Marvel, M. I). Helfrigk and J. P. Belsley. J.A.C.S., 51, 1272 
(1929). 

m-Nitrobenzenesulphonyl chloride. 

W. SsoLONiNA. J. Rus8. Phys, Chem. Soc., 31, 640 (1899); C.Z., li, 
867 (1899). 

F. D. Chattaway. J,C,8., 86, 1181 (1904). 

O. N. Witt and H. Truttwin. Ber., 47. 2786 (1914). 

C. S. Marvel, F. L. Kingsbury and F. E. Smith. J.A.C.S., 47, 166 
(1926). 

m-Bromobenzazide. 

P. P. T. Sah and L. H. Chang. Rec, trav, chim., 58, 8 (1939). 

P'Bromobenzazide. 

P. P. T. Sah, C. H. Kao and S. M. Wang. J. Chinese Chem. Soc., 4, 
193 (1936). 

m “Chlorobenzazid e. 

P. P. T. Sah. J. Chinese Chem. Soc. 4, 614 (1936). 

3 : 5-I)initrobenzazide. 

P. P. T. Sah and T. S. Ma. J. Chinese Chem. Soc., 2, 169 (1934). 

3 : 5-Dinitro-4-methyl benzazide. 

P. P. T. Sah. Rec. trav. chtm., 59, 1008 (1939). 

/S-Naphthazide. 

P. P. T. Sah. J. Chinese Chem. Soc., 5, 103 (1937). 

m-Nitrobenzazide. 

K. Menq and P. P. T. Sah, J. Chinese Chem. Soc., 4, 76 (1936). 
p-Nitrobenzazide. 

P. P. T. Sah, Rec. trav. chim., 69, 231 (1940). 

p-Bromophenyl i^o-thiocyanate. 

P. P. T. Sah, S. H. Chiang and H. H. Lei. J. Chmese Chem. Soc., 8, 
226 (1934). 

p-jOhlorophenyl i^o-thiocyanate, 

jS-Naphthyl f^o-thiocyanate. 

E. L. Brown and N. Campbell. J.C.S., 1699 (1937). 

m-Nitrobenzoyl i^o-thiocyanate. 

W. L. Tung et al . Soi, Rep . Nat . Taing Bua Univ., A3, 286 (1936). 

m-Nitrophenyl i^o-thiocyanate. 

P. P. T. Sah and H. H. Lei. J . Chinese Chem. Soc ., 2, 153 (1934). 
E. L. Brown and N. Campbell. J.C.S.t 1699 (1937). 
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0 "Tolyl i^o-thiocyanate. 

T. Ottebaohbb and F. C. Whitmorb. J.A,C.S,, 61, 1909 (1929). 

M. P\ OoEHRiNO and M. E. Pottebattm. Amer. J, Pha/rm*, 106, 344 
(1934). 

p-Xenyl i^o-thiocyanate. 

E. L. Brown and N. Campbebi.. J,C,S., 1699 (1937). 

3 : 5-Dinitrophenyl i5o*cyanate,'| 

o-Nitrophmyl iso-cyanate, [ 

m*Nitrophenyl i^o-cyanate. J 

F. Hoeke. Eec, trav. chirti., 54, 606 (1936). 

p-Xenyl i^o-cyanate. 

M. J. VAN Geldebbn. Bee, trav. chim., 52, 976 (1933). 

2 : 4-Dinitrobenzoic acid. 

C. A. Buehleb and J. D. Calfee. Ind. Eng, Chem, (Anal,)^ 6, 361 
(1934). 

3 : 6-Dinitrobenzoic acid. 

C. A. Bxjbhleb, E. j. Cdbrieb and R. Lawrence. Ind, Eng, Chem, 
(Anal.), 6, 277 (1933). 

35-Dinitro-o-toluic acid. 

P. P. T. Sah and C. H. Tien. J, Chinese Chem, Soc,, 4, 490 (1936). 

3 : 5-Dinitro-p-toluic acid. 

P, P. T. Sah and K. Yuin. J, Chinese Chem. Soc.^ 5, 129 (1937). 

Ethyl siilphone diacetate. 

J. P. Aij)EN and B. Houston. J,A.C,8,j 66, 413 (1934). 

Nitrourea. 

P, P. T. Sah. Sci, Rep, Nat, Tsing Hua XJniv,^ 2, 227 (1934). 

2:4: 6-Trmitrotoluene. 

P. Pfeiffer. “ Organische Mdekiilverbindungen pp. 226, 239 (1922). 

Benzyl-, p-bromobenzene-, methane- and w-nitrobenzene- 
sulphonyl chlorides all give derivatives of the type given by 
benzene- and p-toluene-sulphonyl chlorides and offer no general 
advantage over the latter reagents. 

Many substituted benzazides have been proposed by P. P. T. 
Sah and his co-workers as reagents for primary amines. The 
reagents, however, are not particularly stable and do not possess 
sufficient redeeming features to obviate this defect. 

The t^oyanates given above are of a class already represented 
by a-naphthyl and p-nitrophenyl i^o-cyanates. The use of o-nitro- 
phenyl wo-cyanate is not recommended but the others may 
find use in special circumstances. Similarly the iso-thiocyanates 
have been represented by those two which appeared most useful. 

Another class of proposed reagents comprises 3 :6-4initro-o- 
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toluio acid, 3 : 5-dinitro-p-toluic acid, 2 : 4-dimtro-benzoic acid 
and 3 : 5-dinitrobenzoic acid. All form salts with primary amines 
and as reagents they may find useful application in special 
cases but for general use more noteworthy reagents are already 
available. 

Ethyl sulphone diacetate, S02{CH2C00C2H5)2, has been em¬ 
ployed for the identification of ten aliphatic primary amines but 
the melting points of the derivatives, S 02 (CH 2 C 0 NHR) 2 , are not 
sufficiently characteristic. From this viewpoint phthalic anhy¬ 
dride and picric acid are to be preferred as reagents. 

Nitrourea does not merit selection since the alkyl ureas that 
are formed from aliphatic amines are dehquescent and difficult to 
purify by crystallisation. 

2:4: 6-Trinitrotoluene forms addition compounds with many 
amines but has no advantage over 1:3: 5-trinitrobenzene and 
indeed has received less attention. 

AMINES, SECONDARY 

Selected Reagents 

Acetic anhydride. 

Benzenesulphonyl chloride. 

Benzoyl chloride. 

2 : 4-Dinitrochlorobenzene 
Formic acid. 
ot-Naphthyl t^o-cyanate. 
a-Naphthyl i^o-thiocyanate. 
p-Nitrophenyl. i^o-cyanate. 

Picric acid. 

Picryl chloride. 
p-Toluenesulphonyl chloride. 

1:3: 5-Trinitrobenzene. 

Aliphatic secondary amines are best characterised by a-naphthyl 
and p-nitrophenyl i«o-cyanates, a-naphthyl i«o-thiocyanate, picric 
acid and picryl chloride. The other reagents yield either oily 
products or low melting solids. 

For general use in the identification of aromatic secondary 
amines, bem&oyl chloride, picric acdd and picryl chloride are to be 
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preferred. For special cases, attention should be paid to thfe 
melting point table, p. 129 ; thus diphenylamine is most readily 
characterised as the formyl derivative. 

Separation of the secondary amines in a pure condition can 
readily be achieved by the use of benzene- or p-toluene-sulphonyl 
chloride, and in some cases the derivatives themselves are of use. 

Acetic anhydride and 1:3: 5-trinitrobenzene are included for 
the number of derivatives described. 

Other Reagents 

Benzylsulphonyl chloride. 

J. B. Johnson and J. A. Ambleb. 36, 372 (1914). 

C. S. MABVEii and H. B. Gujjespib. J.A.C.S., 48, 2943 (1926). 

p-Bromoben zenesulphonyl chloride. 

W. SsOLONiNA. J. Ru88. Ph/ys. Chem, Soc., 31, 643 (1899); C.Z,, ii, 
867 (1899). 

C. S. Mabvbl and F. E. Smith. J.A,C.S., 45, 2696 (1923). 

m-Nitrobenzenesulphonyl chloride. 

W. SsoLONiNA. J. Rtiss, Phya. Ohem, Soc,, 31, 640 (1899); C,Z., ii, 
867 (1899). 

C. S. Marvel, F. L. Kingsbury and F. E. Smith. J,A.C,S., 47, 166 
(1926). 

p-Mtrobenzyl bromide. 

E. Lyons. J. Amer. Pharm. Assoc., SI, 224 (1932). 

The sulphonyl chlorides given above have all been used in 
precisely the same way as those given as selected reagents (benzene- 
and p-toluene-sulphonyl chlorides) and possess no advantage over 
the latter. 

p-Nitrobenzyl bromide has been used only to characterise 
ethylaniline and diphenylamine. 


AMINES, TERTIARY 

Selected Reagents 

Methyl iodide. 

Picric acid. 

Styphnic acid. 

1:3: 5-Trinitrobenzene. 

The first choice of a reagent for tertiary amines is undoubtedly 
picric acid. A wide range of melting points of picrates is available 
and the derivatives are readily and easily prepared, titration 
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giving a further characteristic. Moreover, an aqueous solution 
of the amine is no deterrent to the use of this reagent, as it is with 
methyl iodide and trinitrobenzene. 

If the anhydrous amine is encountered or may easily be ob¬ 
tained, methyl iodide may also be employed to good effect, since 
many such derivatives have been described. 

Styphnic acid has a useful function in isolated cases. 

1:3: 5-Trinitrobenzene has no special virtue in this connection. 

Other Reagent 

Methyl p-toluene sulphonate. 

C. S. Marvel, E. W. Scott and K. L. Amstutz. J.A.C.S,, 51, 3638 
(1929). 

This reagent has been tested and found wanting. In spite of 
the claims of its proposers, most of our final products were oily, 
and when a crystalline solid was obtained, a repeat experiment 
gave a solid having an entirely different melting point. Purifica¬ 
tion of the reagent and drying the benzene immediately before 
use as solvent effected no improvement. As an added disadvan¬ 
tage, all solid derivatives obtained were highly deliquescent. 

Halides such as ethyl iodide and benzyl chloride have been used 
to identify tertiary amines but are omitted here owing to the small 
number of derivatives reported. 


BARBITURIC ACIDS 

Selected Reagents 

p-Nitrobenzyl bromide. 

Xanthydrol. 

Two reagents only have been employed for the identification of 
barbituric acids. For A^-substituted barbituric acids p-nitro- 
benzyl bromide must be used; for barbituric acids with mono- 
or di- substitution in the 5-position, these reagents are of equal 
merit. 
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ETHERS 

Selected Reagents 

3 ;5-Diiiitrobenzoyl.chloride. 

Picric acid. 

1:3: S-Trinitrobenzene. 

Aromatic or aromatic-aliphatic ethers are best characterised by 
the preparation of the picrate. 1:3: 5-Trinitrobenzene may be 
used in a few cases to confirm the ether’s identity. 

Symmetrical aliphatic ethers may be characterised by fission 
with zinc chloride and subsequent preparation of the 3:5- 
dinitrobenzoate of the alcohol produced. 

Other Reagent 

Chlorosulphonic acid. 

E. H. Huntkbss afid F. H. Ca:rten. 62, 603 (1940). 

Aromatic ethers may also be identified by treatment with 
chlorosulphonic acid to form the sulphonyl chloride, which is then 
treated with ammonia or ammonium carbonate to form the easily 
purified sulphonamide, having a definite melting point. The ex¬ 
tremely corrosive nature of this reagent constitutes a disadvantage 
which outweighs its otherwise useful functions. 


HALIDES 

Selected Reagents 

a-Naphthyl MO-cyanate. 

Phenyl i^o-cyanate. 

Of the two reagents the a-naphthyl compound is somewhat 
more convenient to use: the naphthalides crystallise rather more 
satisfactorily and have higher melting points. It is recommended, 
therefore, that this reagent be employed whenever the melting 
point table includes the substance believed to be in question. 
Phenyl iso-cyanate is a very satisfactory alternative and has the 
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advantage that a considerably greater number of anilides have 
been characterised. 

For methods of identification as alkyl mercuric halides see 
J,A.C.8,, 47, 3009 (1925), 50, 167 (1928). 

Other Reagents 

Potassium 3-nitrophthalimide. 

P. P. T. Sah and T. S. Ma. Ber., 65, 1630 (1932) ,* ScL Rep. Nat Taing 
Hua Univ., 2, 147 (1933). • 

Potassium phthalimide. 

S. Gabbiel. Various papers in Ber., 1887 to 1902. 

Potassium tetrachlorophthalimide. 

C. G. F. Allen and R. V. V. Nioholls, 56, 1409 (1934). 

These derivatives of phthalimide do not provide convenient 
methods for the halides in that they require heating with the 
substance in sealed tubes at high temperatures. 


HYDROCARBONS, AROMATIC 

Selected Reagents 

Phthalic anhydride. 

Picric acid. 

Styphnic acid. 

1:3: 6-Trinitrobenzene. 

Tlje identification of benzene and its homologues has of recent 
years been simplified by the use of phthalic anhydride for the 
formation of o-benzoyl benzoic acids. These have precise melting 
points and may be titrated with standard alkali. The isomeric 
xylenes, however, may not be differentiated with this reagent and 
for this purpose tetfachlorophthalic anhydride is highly satis¬ 
factory. A monograph on this reagent is not however included 
since the intermediate acid required for its manufacture is not 
available at the present time. 

The condensed aromatic hydrocarbons, such as naphthalene, 
anthracene, fluorene, acenaphthene, phenanthrene, etc., may be 
readily identified by their picrates and styphnates. It should be 
borne in mind that the solvent used for the preparation of the 
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derivative is of the utmost importance. Thus the picrates and 
8 t 3 ^hnates of acenaphthene, phenanthrene and naphthalene may 
be crystallised unchanged from alcohol; anthracene picrate and 
styphnate, however, crystallise well from benzene but are de¬ 
composed by alcohol. 

Fluorene picrate must be prepared in ether solution. The styph¬ 
nate, however, may be prepared in glacial acetic acid solution. 

1:3: 5-Trinitrobenzene has value as a confirmatory reagent for 
the condensed nuclear hydrocarbons. 

Other Reagent 

Tetrachlorophthahc anhydride. 

H. W. Undekwood and W. L. Walsh. J.A.C.S,, 67, 940 (1936). 


MERCAPTANS 

Selected Reagent 

2 : 4-Dinitrochlorobenzene. 

This reagent is well suited to the identification of mercaptans, 
for the derivatives are easily and rapidly prepared. Further, the 
mercaptides may be oxidised to sulphones, which also have sharp 
melting points. This is particularly useful when the melting 
points of the mercaptides fall close together. Thus tlje melting 
points of the o- and p-cresyl mercaptan derivatives with 2 : 4- 
dinitrochlorobenzene are 101 and 103^^ respectively while the 
corresponding sulphones melt at 155 and 190° 

Other Reagents 

3 : 6-Dinitrobenzoyl chloride,1 

3-Nitrophthalic anhydride. J 

E. Webthbim. J,A.C.S., 61, 3661 (1929). 

The dinitrobenzoyl chloride derivatives have melting points 
which lie close together and they are lower than the corresponding 
alcohol derivatives. The melting points of the nittophthalic 
anhydride derivatives are even closer, although they are cohsider- 
ably higher and may also be titrated. The melting points of these 
derivatives vary, however, with the rate of heating. 
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NITRILES 

Selected Reagents 

a-Naphthyl i,$o-thiocyanate. 

Phenyl i6‘o-thiocyanate. 

The nitriles are generally hydrolysed quite readily to acids, and 
in the aromatic series this will at once provide one useful deriva¬ 
tive. The reduction of nitriles to amines and preparation of the 
thioureas by means of the above reagents is of particular use in 
the aliphatic series. The a-naphthyl thioureas are rather more 
satisfactory derivatives than the phenyl compounds. 

Other Reagents 

Grignard reagents. 

H. L. Shrineb and T. A. Tuhner. J.A,C.S„ 62, 3267 (1930). 

Phloroglucinol. 

H. P. Howells and JT. G. Little. J,A.C,S,, 64, 2451 (1932). 

Thioglycollie acid. 

F. H. CoNBO et al, J.A.C.S., 59, 230 (1937). 

These reagents involve somewhat lengthy procedures and, by 
reason of this disadvantage, have not received further considera¬ 
tion, except in the case of phloroglucinol, where poor yields were 
obtained. 

PHENOLS 

Selected Reagents 

Acetic anhydride. 

Benzoyl chloride. 

Chloroacetic acid. 

3 : 5-Dinitrobenzoyi chloride. 

Diphenyl carbamyl chloride. 
a-Naphthyl i^o-cyanate. 
p-Nitrobenzoyl chloride. 
p-Nitrobe^zyl bromide. 

Phenyl i^o-cyanate. 

Picric acid. 

p-Toluenesulphonyl chloride. 

1:3: 5-Trinitrobenzene. 
p-Xenyl i«o-cyanate. 
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In selecting a reagent for the identification of phenols probably 
the first choice would be chloroacetic acid. Derivatives are easily 
prepared and have the advantage that they can be titrated with 
standard alkali, thereby establishing the equivalent weight of 
the derivative. Furthermore, a comprehensive range of melting 
points is available; the reagent, however, is n‘ot applicable to the 
nitrophenols. 

Frequently the simjple monohydric phenols, e.g. cresols, chloro- 
phenols, give low melting derivatives with benzoyl chloride, 
p-nitrobenzoyl chloride, p-nitrobenzyl bromide and p-toluene- 
sulphonyl chloride. In the case of the last-named reagent this 
does not constitute a disadvantage, for the p-toluenesulphonyl 
esters are readily crystallised. 

Certain of the above reagents, viz,, 3 : 5-dinitrobenzoyl chloride, 
p-nitrobenzoyl chloride and phenyl Mo-cyanate, decompose readily 
in the presence of water. Under some circumstances this repre¬ 
sents a disadvantage. 

With a number of notable exceptions, e.g. the naphthols, 
picric acid and trinitrobenzene are not used for the characterisa¬ 
tion of phenols. 

Acetic anhydride is of very little use for the identification of 
phenols, for the majority of the derivatives are liquid. Its 
importance lies in its use for the quantitative determination of 
the hydroxyl group. 

a-Naphthyl i«o-cyanate is a good general reagent for the 
phenols, the nitrophenols in particular. It is to be preferred to 
the more commonly used phenyl i«o-cyanate on account of its 
greater stability. There are but few derivatives of xenyl iso¬ 
cyanate cited, but their melting points are somewhat higher than 
the corresponding phenyl or a-naphthyl compounds. 

Other Reagents 

Benzenesulphonyl chloride. 

2 : 4-Dinitrochlorobenzene. 

R. W. Host and F. Nicholson. J,A.C.S„ 67, 2368 (1936). 

)?-Naphthyl i^o-cyanate. 

P. P. T. Sab. Mev, trofo, chim,, 68, 463 (1939)* 

Benzenesulphonyl chloride is used essentially for the separation 
of amines. As a reagent for phenols it is not as satisfactory as 
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p-toluenesulphonyl chloride, for the derivatives obtained have 
lower melting points. 

2 :4-Dinitrochlorobenzene would appear to be a good reagent 
for phenols, but in many instances we obtained oily derivatives 
which were extremely difficult to purify. 

The f^o-oyanates all show some tendency to decompose on 
standing; jS-naphthyl i^o-cyanate, being a solid, decomposes more 
rapidly than the liquid i^o-cyanates. For this reason the liquid 
i50-cyanates are to be preferred as reagents. 


SULPHONAMIDES 

Selected Reagent 

Xanthydrol. 

Although sulphonamides are usually considered to be themselves 
derivatives, e.g. in the identification of sulphonic acids or sulphonyl 
chlorides, circumstances are quite possible in which derivatives 
CQuld profitably be made. Xanthydrol is very convenient for this 
purpose, the derivatives being easily prepared and purified. 


SULPHONIC ACIDS 

Selected Reagent 

Benzyl i^o-thiourea hydrochloride. 

Benzyl i«o-thiourea hydrochloride is easily the best reagent 
proposed for sulphonic acids to date. The derivatives are pre¬ 
pared with ease and crystallise readily. The reagent is unsuited to 
aminosulphonic acids as the derivatives decompose at or near the 
melting point. 

Other Reagents. 

Scattered throughout the literature there are numerous refer¬ 
ences to various amines being employed for the identification of 
sulphonic acids. Of these only the use of p-toluidine for the 
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characterisation of phenanthrene sulphonic acids appears to be of 
special merit. Reference to this is made in the monograph on 
P“toluidine. 

The classical method for identification of sulphonic acids is to 
convert them to the corresponding amides. By virtue of the fact 
that xanthydrol is a reagent for sulphonamides, it is suggested that 
the Identity of the sulphonic acid might be confirmed by prepara¬ 
tion of the xanthydrol derivative of the sulphonamide. 



SELECTED REAGENTS 


ACETIC ANHYDRIDE 

CH,CO\^ 

Mol. Wt. 102-0 

Reagent for Alcohols, Phenols, Primary and Secondary 
Aromatic Amines 

Acetic anhydride is a colourless liquid with a pungent odour,, 
boiling at 137-140®, It dissolves in water slowly with the 
formation of acetic acid ; it is readily soluble in alcohol and in 
ether. Acetic acid, acetyl chloride, acetic anhydride and thio- 
acetic acid have all been employed for the preparation of acetyl 
derivatives, but generally speaking the best results are obtained 
with acetic anhydride. 

ALCOHOLS AND PHENOLS 

A variety of methods has been suggested for the acetylation of 
phenols. These involve shaking a cold aqueous suspension of the 
phenol with acetic anhydride [12], refluxing the phenol with the 
reagent alone or in the presence of anhydrous sodium acetate [1], 
or in the presence of some catalyst such as sulphuric acid [2] or 
zinc chloride [3], The condensation between acetic anhydride and 
phenols may be effected in the presence of an inert basic solvent 
such as pyridine or dimethylaniline [8]. 

The reagent is not advocated for the identification of alcohols 
and phenols for the majority of the derivatives are liquid. A 
number of melting points of the phenol derivatives will be found 
on reference to page 155; these compounds may be obtained by 
one of the above procedures. The reagent is warmly recom¬ 
mended, however, for the quantitative determination of alcohols 
and phenols. 

Estimation of Hydroxy Compounds [8] 

An acetylating solution is prepared by dissolving 120 g. acetic 
anhydride in 880 ml. pyridine. To 25 ml. of this solution, accur¬ 
ately measured, is added about 1 g., accurately weighed, of the 
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hydroxy compound. The solution, in a flask fitted with reflux 
condenser, is heated on a water bath for an hour. For ^certain 
substances which do not acetylate easily it is necessary to prolong 
the time of refluxing. An equal volume of water is added to the 
cooled solution, which is then titrated with standard sodium 
hydroxide (N/1) using phenol phthalein as indicator. A blank 
titration is made at the same time and the difference between 
the two titrations represents a measure of the acetic anhydride 
required for acetylation. 

For estimating the acetylisable constituent! of essential oils, 
a method has been proposed whereby the acetate is isolated, 
purified and then saponified [11]. The amount of alkali used in 
the hydrolysis is a measure of the acetylisable constituents of the 
oil. For details of this method the reader is referred to the 
literature. 


AMINES 

* Acetic anhydride is the classical reagent for the identification of 
aromatic primary and secondary amines. The aliphatic amines 
give rise to liquid derivatives. 

R • NH2 + (CH3C0)20 —RNH • OC • CH3 + CH3COOH 
RR'NH + (CH3C0)20 -^ RR'N-0C CH3 + CH8C00H 

Preparation of Derivatives 

Dissolve the primary or secondary amine in glacial acetic acid, 
add an excess of acetic anhydride and reflux for a quarter of an 
hour. When acetylating secondary amines it is advisable to pro¬ 
long the heating. Cool and pour the solution into water when the 
acetyl compound separates. Filter off, wash well with dilute acid 
and water and recrystallise from water or from aqueous alcohol. 

For melting points of derivatives of 

(а) primary aromatic amines, see page 129. 

(б) secondary aromatic amines, see page 136, 
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ANILINE 

CeH^NH, 

Mol. Wt. 93-1 

Reagent for Carboxylic Acids 

Aniline is a clear oily liquid, almost colourless when freshly 
distilled, darkening to a reddish brown colour on keeping. It boils 
at 182-184®. Aniline wiU react directly with carboxylic acids to 
form anilides but it is more general first to convert the acid to the 
acid chloride and treat the latter with aniline. 

R • COOH + CgHjNHj —^ C.HgNH • OC • R + H^O 
R • COCl + CsHbNHj -> C.HjNH • OC • R + HCl 

Preparation of Derivative [1] 

Heat I g. of acid in a test tube with a slight excess of thionyl 
chloride to 100-120° for half an hour. Cautiously add an 
equivalent of aniline and heat to a somewhat higher temperature 
for half an hour. Recrystallise the product from alcohol or 
petroleum ether containing a little benzene. 

For melting points of derivatives, see page 110. 

OTHER APPLICATIONS 

The reagent can be employed for the identification of acid 
chlorides, acid anhydrides and for the identification of the acid 
component of esters. 
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BENZALDEHYDE 

C^H^CHO 
MoL Wt. 106-1 

Reagent for Ketomethylenes^ Primary Aromatic Amines 
and Phenylacetonitrile 

Benzaldehyde is an almond smelling colourless liquid of boiling 
point 179*^, undergoing oxidation to benzoic acid if allowed to 
remain exposed to air for long periods. A very reactive compound, 
its chief analytical use lies in the preparation of crystalline con¬ 
densation products with compounds containing the ketomethylene 
group, e.g. acetone, acetophenone, and also with primary aromatic 
amines such as aniline, benzidine, etc. 

It % especially useful in diflFerentiating between benzidine and 
0 “tolidine (both compounds of M.P. 128°) since the melting 
points of their acetyl derivatives lie within 3° of each other. 

KETOMETHYLENES 
Preparation of Derivatives* 

Dissolve one molecular proportion of the ketomethylene com¬ 
pound and slightly more than one or two molecular proportions 
of benzaldehyde (depending on whether the ketomethylene com¬ 
pound is R • CHgCO • R' or R • CHgCOCHa • R') in a little absolute 
alcohol. If about 1 g. of the ketomethylene compound is used, 
a suitable quantity of alcohol is 10 ml. Add 0-5 ml. 6N sodium 
hydroxide and allow the whole to stand for an hour or more at 
room temperature. The arylidene derivative usually crystallises 
out or will do so on scratching and after washing with a little 
cold alcohol can be recrystaUised from absolute alcohol. 

The reaction may be expressed as 

CH CeHs 

(o) R CO CH*-B'+C,H, CHO-^ R CO-lt-R' +H,0 

II 

(6) R-CHj-CO-CHg-R'+2C,Hj-CHO- ►R-^ CO C R' +2HjO 

c!hc,Hs 

For melting points of derivatives, see page 146. 
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AMINES 

Preparation of Derivatives 

The characterisation of primary aromatic amines is effected by 
warming the amine with one or two mols of benzaldehyde (depend¬ 
ing on whether the base is a monoamine or diamine) either diluted 
with a suitable solvent such as alcohol or acetic acid, or without 
any diluent. The reaction is usually complete within 10 minutes 
and the anil may be recrystallised from alcohol or benzene. 

The reaction occurs as follows : 

(a) ArNHg + CeH^ • CHO-^ ArN: CH • + H^O 

or (6) Hj^N 

-> CeHs • CH : N<^_^ 

For melting points of derivatives, see page 129. 

Preparation of a Phenylacetonitrile Derivative 

Owing to the reactivity of the methylene hydrogen atoms, 
phenylacetonitrile condenses very easily with benzaldehyde : 

CeHg • CHgCN + CeHg • CHO-> • C : CH • CeH^ + H^O. 

CN 

Mix 2 ml. phenylacetonitrile with 2 ml. benzaldehyde and 2 ml. 
absolute alcohol. Add a few drops of 5N sodium hydroxide, 
stopper and shake hard. The solution becomes warm and after 
a few minutes crystals of the benzal compound (a-phenylcinna- 
monitrile) separate. After standing for 30 minutes dilute with 
water, collect the solid and wash with water followed by a little 
cold methyl alcohol. Recrystallise from methyl alcohol to obtain 
colourless needles of M.P. 86°. 
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BENZENESULPHONYL CHLORIDE 

CA-SOgCl 
Mol. Wt. 176-6 

Reagent for Primary and Secondary Amines 

Benzenesulphonyl chloride is a colourless or yellow liquid which 
solidifies at 14-16°. 

When a primary amine is shaken with benzenesulphonyl 
chloride and excess sodium hydroxide a water soluble sodium salt 
results : 

RNH2 -f CeHo • SO2CI + 2 NaOH-> RNNaS02 • CeHg + NaCl + 2H2O 

With secondary amines a water insoluble substituted amine is 
formed : 

RR'NH + CeH^-SOaCl+NaOH-> RR'NS02 • CgHs + NaCl + HgO, 

while tertiary amines do not react. When recrystallised the 
sulphonamides serve as useful derivatives for the characterisation 
of amines, and furthermore the original amine may be obtained 
by heating the sulphonamide in a sealed tube with concentrated 
hydrochloric acid at 140°. 

The application of these reactions to the quantitative separation 
of amines was rendered more involved by Ssolonina’s discovery [6] 
that certain primary amines gave disulphonyl derivatives : 

RNH2 4-2CeH5S02Cl-^ RN(S02CeH5)2-i-2HCl 

As these disulphonyl compounds are insoluble in alkalis they are 
liable to be confused with the monosulphonyl derivatives of 
secondary amines. Consequently a modified procedure was 
introduced by Hinsberg [12]. 

Separation of Primary, Secondary and Tertiary Amines 

To 1 g* of amine or amine mixture add 20 ml. 12 per cent, 
sodium hydroxide solution and then in small portions, with 
shaking, 2*6 g. benzenesulphonyl chloride. Warm to remove the 
last traces of acid chloride. Acidify the alkaline solution with 
dilute hydrochloric acid when the sulphonamides of primary and 
secondary amines are precipitated, while toy tertiary amine 
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remains in solution as hydrochloride. Separate the solid. To 
convert any disulphonamide, that may have been formed from a 
primary amine, into the desfred mono derivative, boil the solid 
under reflux with 0*8 g. sodium dissolved in 20 ml. alcohol. Then 
proceed as under (i) or (ii). 

(i) Amines containing less than seven carbon atoms. 

Dilute with water and evaporate off the alcohol; any secondary 
amine sulphonamide precipitates. Separate any solid and acidify 
the filtrate with dilute hydrochloric acid to precipitate any mono 
derivative of primary amine. 

(ii) Aliphatic and hydrocylic amines containing more than six 
carbon atoms. 

When the primary amine in the mixture has a comparatively 
high molecular weight, the separation by method (i) is not satis¬ 
factory owing to the sparing solubility of the sodium salt of the 
primary sulphonamide. In this case the following alternative 
procedure should be adopted. 

Dilute the alcoholic solution with water and evaporate off the 
alcohol. Acidify and filter off the mixture of sulphonamides# 
Dissolve the dry solid in anhydrous ether and add small pieces of 
sodium or sodium wire to the ethereal solution and reflux gently 
for six to eight hours. Some unchanged sodium should be present 
at the end of this time. Cool, separate the solid mixture of the 
sodium salt of the primary amine sulphonamide and sodium, and 
wash the solid several times with small quantities of ether. 
Evaporate the solid with alcohol, dilute with water, and acidify 
to obtain the primary amine sulphonamide. Evaporate the 
ethereal solution to obtain the secondary amine sulphonamide. 

The sulphonamides can be recrystallised from aqueous alcohol 
or from alcohol. 

For melting point of derivatives of 

(а) primary aromatic amines, see page 129. 

(б) primary aliphatic amines, see page 127. 

ic) secondary amines, see page 136. 

OTHER APPLICATIONS 

The reagent has also been employed for the identification of 
amino acids [2, 7, 8] and phenols [3]. 
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BENZOYL CHLORIDE 

CeHgCOCl 
Mol. Wt. 140*6 

Reagent for Phenols and Primary and Secondary Amines 

Benzoyl chloride is an almost colourless liquid which fumes in 
moist air. Benzoic anhydride has also been employed for the 
preparation of benzoyl derivatives, but it is necessary to heat the 
compound several hours with benzoic anhydride in the presence 
of sodium benzoate. 

A number of procedures have been described for the preparation 
of benzoyl derivatives, but the method due to Schotten and 
Baumann, described below, is the one most widely used [1, 2]. 
The condensation may be brought about in the presence of sodium 
carbonate [4]; it may also be effected in pyridine, quinoline or 
dimethylaniline [6, 7] or in ethereal or in benzene solution in the 
presence of dry potassium carbonate [6], Alternatively, deriva¬ 
tives may be prepared by refluxing the compound under test with 
the reagent. 

CACOa+ROH —CeH^COOR+Ha 
CeHfiCOa+KNHa 

CeHfiCOa+RRTTH -► CeHgCONRR'+Ha 
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Preparation of Derivatives 

The phenol or amine is dissolved or suspended in 10 per cent, 
sodium hydroxide solution and an excess of benzoyl chloride is 
added in portions with shaking. The mixture is shaken vigorously 
until the odour of benzoyl chloride no longer persists. If the 
solution becomes warm it is advisable to cool under the tap. The 
solid is filtered off, washed well with water and recrystallised from 
alcohol or benzene. 

For melting points of derivatives of 

(a) primary aromatic amines, see page 129. 

(b) primary aliphatic amines, see page 127. 

(c) phenols, see page 155. 
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BENZYL-wo-THIOUREA HYDROCHLORIDE 

(S-Benzylthiuronium Chloride) 

NHj 

/ 

C—S— 

NHHa 

Mol. Wt. 202-7 

Reagent for Sulphonic Acids 

Benzyl wo-tbiourea hydrochloride is a white crystalline com¬ 
pound e;zhibiting dimorphism. The melting point may be ISd- 
161® or 176-177“; both fbims^ however, yield the same deriva¬ 
tives with acids. The reagent was originally employed for the 
identification of carboxylic acids [1, 2, 3] but it finds a more im¬ 
portant application in the characterisation of sulphonic adds. 
The amino-sulphonic adds provide the only exception to this 
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statement, for the derivatives obtained from these acids in¬ 
variably decompose on melting. 

NH, NHg 

/ 

C_S—CHg • CgHs + R • SOgNa-^ C—S^-CHgCeHs + NaCl 

NH • HCl NH • RSO 3 H 

Preparation of Derivatives [4, 5] 

Dissolve the sulphonic acid in 2 N caustic soda and neutralise 
the excess base with hydrochloric acid. Add a strong aqueous 
solution of the reagent and cool in an ice bath. Recrystallise the 
solid which separates from 50 per cent, alcohol. 

For melting points of sulphonic acid derivatives, see page 162. 

BIBLIOGRAPHY 

1. J. J. Donleavy. J,A,C.S., 68, 1004 (1936). 

2. S. Veibbl and H. Lillbeund. Btdl. Soc, chim., 6, 1163 (1938). 

3. S. Veibel and K. Ottung. Bull. Soc. chim.f 6, 1434 (1939). 

4. E. Chambkbs and G. W. Watt. J. Org. Chem., 6, 376 (1941). 

6. E. Campaione and C. M. Suter. J.A.C.S., 64, 3040 (1942). 


^-BROMOPHENACYL BROMIDE 

COCHjBr 

/\ 

\/ 

Br 

Mol. Wt. 278-0 


Reagent for Carboxylic Acids 


The reagent is a white crystalline solid, melting at 106-108® C., 
insoluble in water, soluble in alcohol. The compound has similar 
uses to phenacyl bromide and it has the advantage of possessing 
better keeping qualities. p-Bromophenacyl bromide is extremely 
useful for the identification of carboxylic acids. 


Br 


OOCHjBr+R • COOH 

—*■ R-GOOCH,CO 


Br+HBr 
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Preparation of Derivatives [1] 

Dissolve 1 g. 2 >“bromophenacyl bromide in 10 ml. alcohol and 
add this solution to the sodium salt of the acid in 5 ml. water. If 
solution is not complete on heating to boiling add more alcohol. 
Reflux for one, two or three hours according to whether the acid 
is mono-, di- or tri- basic and then cool. Filter off the derivative 
and recrystallise from alcohol or from aqueous alcohol. 

For melting points of derivatives, see page 110. 
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CHLOROACETIC ACID 

ClCHgCOOH 
Mol. Wt. 94*5 
Reagent for Phenols 

Chloroacetic acid is a white crystalline solid, melting at 61-63® 
and is extremely soluble in water. It condenses with phenols 
giving aryloxyacetic acids of definite melting points which are 
suitable for the identification of the phenols. 

R OH + aCHa-COOH > R • 0 • CHg • COOH+HC1 

The derivative, being an acid, can be dissolved in alcohol-water 
mixture and titrated with standard alkali ; thus the equivalent 
weight of the derivative may be determined, thereby obtaining 
further confirmation of the identity of the phenol. The reagent 
is not suited to the identification of nitrophenols. 

Preparation of Derivatives [2] 

Dissolve or suspend 1 g. of the phenol in 3-5 ml. 33 per cent, 
caustic soda solution and to this add 2-6 ml. of a 50 per cent. 
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chloroaoetic acid solution. If necessary a little water is added to 
dissolve the sodium phenate. Cork the test tube loosely and heat 
on a water bath for an hour. After cooling, just acidify to congo 
red with hydrochloric acid and extract with ether. Wash the 
ethereal solution once with water and then extract with sodium 
carbonate solution. Acidify the alkaline extract and recrystallise 
the resulting aryloxyacetic acid from water. 

For melting point of derivatives, see page 155, 
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DIMEDONE 

(5 : 5-Dimethylcyclohexane-l : 3-dione) 

CO 

/\ 

HjC CHj 

(CH3)*(} (io 

\/ 

CHj 

Mol. Wt. 140-2 
Reagent for Aldehydes 

Dimedone is a white crystalline substance melting at 147°. It 
is sparingly soluble in cold water (0-4 g. in 100 ml. at 19°) but 
appreciably more soluble at higher temperatures (3-8 g. per 100 ml. 
at 90°), while alcohol dissolves the substance fairly freely. 

Aldehydes enter into combination with dimedone according to 
the equation shown. Ketones react only under exceptional 
conditions, so that the reagent may be regarded as spedfic for 
aldehydes. The condensation takes place in neutral, dilute acid 
or alkaline solution, and with some exceptions, the derivatiyes are 
obtained in well-crystallised form. Their melting jKiints offer 
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convenient means of characterisation while, in the cases of 
formaldehyde and acetaldehyde, the reaction with dimedone has 
formed the basis of methods of determination. These methods 
are based firstly on the very low water solubility of the methylene 
and ethylidene compounds, and secondly on the acidic properties 
arising from their enolic constitution, which permit of alkalimetric 


CO 


R 

in 


CO 


H,C CHIH HIHC CH. 


(CH 3 ), 


,A Ao oA Ai 


2 

(CH,)3 


CH, 


-H,0 


CO 


/■ 

H,C 


R 

Ah 

V CO 

\/\ 

HC CH, 


oA Ai 


(CH8)2C coh 


‘(CH,), 

H, 


titration. The derivatives as a class are soluble in dilute alkali 
and their dilute alcoholic solutions yield colours with ferric chloride 
solution. These properties disappear if the enolic compounds are 
heated with certain reagents, such as acetic acid, acetic anhydride 
or absolute alcohol, the change being attributed to ring closure 
with loss of one molecule of water [3]. 


R 

Ah 

CO /X CO 

\/\ 

H,C C HC CH, 
(CH,),A coh OC C(CH 




Yh, 


s /2 


R 

i 

CO CH CO 

HacY^YY, 

(CH8)gC C C A(CH3 )j 




These products of dehydration were termed ‘ anhydrides ’ by 
Vorlander who determ i ned melting points for a number of them. 
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Preparation of Derivatives 

The derivatives of water-soluble aldehydes may be precipitated 
under neutral or slightly acid conditions with a warm aqueous 
solution containing two molecular equivalents of dimedone, but 
more commonly it is necessary to use dilute alcohol as solvent. 
For example— 0*2 g. of heptaldehyde is added to a solution of 
0*6 g. of dimedone in 30 ml. of 50 per cent, alcohol. The solution 
is warmed and then allowed to stand 2 to 3 hours when the 
derivative separates in glistening crystals which may be re¬ 
crystallised from dilute alcohol. The use of undiluted alcohol is 
not recommended either for the condensation or the recrystal¬ 
lisation since it has the effect of causing ring closure with some 
derivatives. Mineral acids may have a similar effect. Certain 
derivatives, e.g. those of acrolein and furfural, often separate as 
precipitates of colloidal appearance. Vigorous shaking coagulates 
such precipitates quite readily. 

Preparation of ‘ Anhydrides ’ 

The ease with which the ‘ anhydrides ’ are formed varies greatly. 
For example, the enol derivative of formaldehyde must be warmed 
with concentrated sulphuric acid or acetic anhydride, while the 
derivatives of acetaldehyde, propionaldehyde and i^o-valer- 
aldehyde are converted by dilute mineral acid or by heating with 
acetic acid. Others were treated by Vorltoder with hot acetic 
acid for periods up to 20 hours. The absence of any reasonably 
general directions for preparation of the ‘ anhydrides ’ detracts 
from their utility but such melting points as are available are 
quoted in the appropriate table. For the simple aliphatic alde¬ 
hydes up to C 7 , with the exception of formaldehyde, the following 
procedure has been found satisfactory. One-tenth to 0*2 g. of the 
enol, or equivalent quantities of the aldehyde and dimedone, are 
heated in a water bath with 10 ml. N /1 hydrochloric acid and 
sufficient alcohol ( 10-20 ml.) added to complete solution. The 
‘ anhydride ’ crystallises on cooling or is precipitated by the 
addition of water. It is shaken with dilute sodium hydroxide 
solution to remove any enol compoimd and recrystallised from 
dilute alcohol. 

For melting points of derivatives, see page 120. 
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Quantitative Methods [4, 7, 10, 11] 

An aqueous solution of formaldehyde containing only 0*004 per 
cent, of the aldehyde will yield a precipitate within 10 to 20 
minutes when treated with an aqueous solution of dimedone in 
excess, and it is claimed [11] that when the methylene derivative 
is precipitated with excess dimedone from a solution buflFered 
with sodium acetate and hydrochloride acid at pH 4*6 quantitative 
results of a high order of accuracy are obtained. Twelve hours 
is the minimum time recommended for complete precipitation and 
after drying at 60"" the derivative is weighed. The fact that the 
precipitate weighs nearly ten times as much as the formaldehyde 
from which it is derived contributes considerably to the precision 
of the method, particularly as applied to small quantities of the 
aldehyde. The formaldehyde derivative may also be titrated in 
alcoholic solution as a monobasic acid. (Other aldehydes yield 
derivatives which are monobasic or dibasic according to the 
temperature or solvent.) 

If acetaldehyde is also present it can interfere in the gravi¬ 
metric method since its dimedone derivative is only slightly 
soluble though more soluble than that of formaldehyde. Vor- 
lander [4] has devised a method of separation whereby the 
ethylidene derivative is converted to ‘ anhydride' by heating the 
mixture for 6-7 hours with acetic acid at 100°. After precipitation 
with water the formaldehyde derivative may then be extracted 
with dilute sodium hydroxide and reprecipitated with acetic acid. 
This, and three other methods of dealing with formaldehyde 
acetaldehyde mixtures, are claimed to yield approximately 
quantitative results [4], 

The dimedone derivative of propionaldehyde is also very spar¬ 
ingly soluble in water. 
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3 :5-DINITROBENZOYL CHLORIDE 

COCl 



Mol. Wt. 230-6 

Reagent for Alcohols and Phenols 

3:6-Dinitrobenzoyl chloride is a white crystalline solid of 
melting point 68-69°, which hydrolyses in moist air to dinitro- 
benzoic acid and hydrochloric acid. The reagent is soluble in 
non-hydroxylio solvents without decomposition. 


ALCOHOLS [2, 3, 7, 11] 

The reagent is particularly recommended for the identification 
of alcohols, for although the 3:5-dinitrobenzoic esters melt some¬ 
what low they crystallise easily and readily. Furthermore, the 
"esters form addition compounds with «-naphthylamine. The 
addition compounds have definite melting points which are, 
almost without exception, much higher than those of the original 
esters and which further serve to define the alcohol under test. 


COCl 


+R-OH 


NO.l^NO. 


COOR 


-fHa 


NO.t^NO, 


Preparation of Derivatives [2] 

Add 1 g. of the dinitrobenzoyl chloride dissolved in 10 ml. ben¬ 
zene to the alcohol under test and thou add a few ml. of anhydrous 
pyridine. Heat to boiling, cool and add ether, in excess. In ihe 
case of tertiary alcohols it is necessary to reflux for 30 minutes. 
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Wash the ethereal solution with dilute acid, followed by dilute 
alkali and then with water. Evaporate the ethereal solution to 
dryness and recrystallise the solid from petroleum ether or 
benzene, or alternatively, add an excess of a-naphthylamine 
dissolved in ether to the ethereal solution and recrystallise the 
resulting solid from alcohol. 

For melting points of derivatives, see page 115. 

PHENOLS [1, 6] 

Preparation of Derivatives [6] 

Dissolve 1 g. of the phenol in 20 ml. p 3 nridine and add 2*5 g. 
reagent. Reflux for one hour, cool and pour into 400 ml. cold 5 per 
cent, vjv sulphuric acid solution. Wash the solid with water and in¬ 
troduce it into 200 ml. 2 per cent, sodium hydroxide solution, filter 
and wash with water. In the event of an oil separating on pouring 
into dilute sulphuric acid, extract the oil with ether, wash the 
ethereal solution with sodium hydroxide solution and with water 
and evaporate to dr 3 niess. Recrystallise the crude derivative from 
alcohol. 

For melting points of derivatives, see page 155. 

OTHER APPLICATIONS 

The reagent has been employed for the characterisation of 
mercaptans [4]. The melting points of the derivatives lie close 
together and the reagent is therefore not well suited for this 
purpose. 

Ethers [5] can be identified with 3:5-dinitrobenzoyi chloride. 
The reagent is condensed with the ether in the presence of zinc 
chloride yielding esters; its application is limited, however, to 
symmetrical ethers. 

Finally, the reagent has been employed for a wide range of 
amino acids [8, 9, 10]. Slight variations in the method of prepar¬ 
ing derivatives of the individual amino acids are described and 
there appear to be slight discrepancies in melting points of certain 
derivatives. For these reasons the reader is advised to refer to 
the literature for details of preparation of the dinitrobenzoates of 
the various amino acids. 
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2 :4-DINITROCHLOROBENZENE 

Cl 



NO2 

Mol. Wt. 203-6 

Reagent for Primary and Secondary Amines and for 
Mercaptans 

The reagent is a yellow crystalline solid melting at 50°. It is 
insoluble in water, sparingly soluble in cold alcohol but readily 
soluble in hot alcohol. 


AMINES 

2 : 4-Dinitrochlorobenzene is a most satisfactory reagent for the 
identification of primary and secondary, aliphatic and aromatic 
amines. The reaction is represented by the following equations : 


NO, 




R-NH2 + C1<^ 

^NO*- 

—> rnh/ 

^N0, + HC1 





RR'NH + a/ 

^NO*- 

—> RR'n/ 

^NOs+HCl 
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Preparation of Derivatives [1, 2, 3, 4, 5, 6] 

Equivalent quantities of the reagent and amine are heated 
together on a water bath for some minutes and the product is 
recrystallised from alcohol. 

For melting points of derivatives of 

(а) primary aromatic amines, see page 129. 

(б) primary aliphatic amines, see page 127. 

(c) secondary amines, see page 136. 


MERCAPTANS 

2 : 4-Dinitrochlorobenzene readily forms derivatives with mer- 
captans and is particularly suitable for the identification of these 
compounds. The mercaptides which are formed have definite 
melting points, as have the sulphones which can readily be 
obtained by oxidation of the mercaptides. This is a decided 
advantage when the melting points of two mercaptides lie close 
together. 

NOa NOa 

RSH + Cl NOj ^ RS NO 2 + HCl 



Preparation of Derivatives [7, 8] 

(a) Mercaptides 

Dissolve about 1 g. of the mercaptan in 30 ml. of alcohol, or in 
the minimum amount necessary for solution and add 0*4 g. 
sodium hydroxide in 3 ml. water. Add this solution to 2 g. of 
the reagent in 10 ml. alcohol and heat the solution on a steam 
bath for ten minutes. Filter the hot solution, and recrystallise the 
mercaptide, which separates on cooling, from alcohol. 

(b) Sulphones 

Dissolve the mercaptide in the minimum quantity of acetic 
acid, warming if necessary, and treat with a 50 per cent, excess of 
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potassium permanganate dissolved in thirty times its weight of 
water. Some meroaptides tend to precipitate, in which case add 
more acetic acid, fass in the minimum amount of sulphur dioxide 
to remove the excess permanganate and add ice. Filter off the 
sulphone and recrystalUse from alcohol. 

For melting points of derivatives, see page 152. 

Other Applications 

2 : 4-Dinitrochlorobenzene has been employed for the character¬ 
isation of phenols [9] but it is our experience that the reagent is 
unsatisfactory for this purpose. We found that frequently the 
derivatives were oils and difficult to purify. 
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2 :4-DINITROPHENYLHYDRAZINE 



NO, 


Mol. Wt. 198-1 

Reagent for Aldehydes and Ketones 

2:4-Dinitrophenylhydrazine is a red crystalline solid melting 
at 196-196°, insoluble in water and only slightly soluble in cold 
organic solvents. 

Its special use has been in providing derivatives of the lower 
aldehydes and ketones, the use of phenylhydrazine or hydroxyl- 



2 : 4-I>INITR0PHElSfYLHYDKAZINE 

amine giving rise to oils or low-melting solids. The yield of 
derivative obtained is usually high and in some cases, using 
defined conditions, can be made quantitative, enabling the esti¬ 
mation of the carbonyl compound to be achieved. 

Campbell [27] found the melting points of many derivatives 
given in the literature to be in error and made a thorough investi¬ 
gation of the problem. 

Detection of Carbonyl Compounds 

Shake the suspected aldehyde or ketone with a saturated 
aqueous solution of 2 :4-dimtrophenylhydrazine hydrochloride 
(1 to 2 g. per litre), warming if necessary. A yellow or red precipi¬ 
tate indicates the presence of the carbonyl group. 

Preparation of Derivatives 

Dissolve 0*5 g. 2 : 4-dinitrophenylhydrazine in 1 ml. warm con¬ 
centrated sulphuric acid and dilute with 5 to 10 ml. absolute 
alcohol. At once add the aldehyde or ketone dissolved in absolute 
alcohol. The dinitrophenylhydrazone usually separates at once or 
on cooling, but in some cases boiling for a few minutes is necessary. 
The crystals are collected, washed with a little absolute alcohol, 
and recrystallised from a suitable solvent (usually alcohol, glacial 
acetic acid, xylene or nitrobenzene). 

Generally the derivatives from aldehydes and ketones of the 
saturated aliphatic series are soluble in hot alcohol and are yellow 
or orange in colour. Those from benzaldehyde and its simple 
substitution products are not soluble in alcohol and are red, 
orange or yellow. Dinitrophenylhydrazones derived from a : ^ 
unsaturated carbonyl compounds are usually red. 

For melting points of derivatives of 

(а) aldehydes, see page 120. 

(б) ketones, see page 146. 

Determination of Carbonyl Compounds 

The procedure adopted by Iddles and Im co-workers [22, 33] is 
to add an aqueous or alcoholic solution of the carbonyl compound 
to an excess of a saturated solution of dinitrophenylhydrazine in 
2N hydrochloric acid at 0®, and allow to digest for 1 to 24 hours 
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at that temperature. The precipitate is collected, washed with 
the acid reagent solution and finally with water until free chloride. 
The solid is then dried in vacMO or at 100-110'", to constant 
weight. 

By this method acetaldehyde, acetone, methyl ethyl ketone, 
methyl 7i-propyl ketone, benzaldehyde, pdiydroxybenzaldehyde, 
salicylaldehyde, o-methoxybenzaldehyde, vanillin (all in aqueous 
solution), acetophenone, benzoin, mesityl oxide, benzalaceto- 
phenone, benzil,* benzojihenone, piperonal, cyclohexanone, cyclo- 
pentanone, and carvone (these from alcoholic solution) have been 
determined with recoveries of from 93 to 103 per cent. 

By similar methods ascorbic acid [37], santonin [11], hexetone 
(6-m-menthene-5-one) [17], camphor [10, 21, 28, 32, 34], menthone 
[10], furfural [10, 15, 18, 23], formaldehyde [19], and cinnam- 
aldehyde [19, 35] have also been estimated. 

Small amounts of aldoximes may be determined by adding a 
weighed amount to a solution of dinitrophenylhydrazine in 2N 
hydrochloric acid and standing for several hours. The resulting 
dinitrophenylhydrazone is collected, dried and weighed [6J. 

Reaction with p-Quinones 


Borsche [3] has shown that 2 : 4-dinitrophenylhydrazine reacts 
abnormally with p-benzoquinone as follows : 



The condensation is effected by mixing hot alcoholic solutions 
of dinitrophenylhydrazine hydrochloride and the quinone, allow¬ 
ing the mixture to cool and stand. The dinitro-azo-phenol 
separates from solution on dilution. Similar reactions are given 
by p-tpluquinone and thymoquinone. 

Polymorphism of Dinitrophenylhydrazones 
Bredereck and Pritzsche [12, 31] have shown that the deriva¬ 
tives of some aldehydes of the furane and pyrrol rings exist in two 
modifications, yellow and red in colour. 
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DIPHENYLCARBAMYL CHLORIDE 

(CeH,)^ • COCl 
Mol. Wt. 231-7 
Reagent for Phenols 

Diphenylcarbamyl chloride is a white to pale yellow crystalline 
solid melting at 85-86°. In presence of p 3 n:idine it forms esters 
with phenols, the esterification being preceded by the formation 
of a pyridine addition compound isolated by Herzog [3] who 
formulated the reaction as follows : 

.Cl 

CsHsN/ .CeHs 

\CO • N< + R • OH-^ C.HgN • HCl + RO • CO • N< 

^CeHs \CeH5 

The reagent is soluble ,in alcohol without ready esterification 
though this is said to take place slowly on standing, and quite 
easily in presence of alkali or potassium cyanide. The earlier 
work [1] on the reagent was concerned with rhodinol which forms 
an ester melting at 83-84°. 

A free carboxyl group may prevent the condensation; thus 
salicylic acid forms no derivative, but the rule is not general [3]. 
The number of melting points published is rather limited but those 
which are available show fairly good differentiation. 

Preparation of Derivatives 

One gram of the phenol is dissolved in 6 ml. p 3 uidine with less 
than one equivalent pf diphenylcarbamyl chloride. The mixture 
is refluxed for 30 minutes and then poured into cold water. A 
somewhat resinous mass is precipitated and, in exceptional 
cases, e.g. with resorcinol, may require to stand for some hours 
to soHdify. The solid is separated from the water and recrystal¬ 
lised from alcohol. Petroleum ether, carbon tetrachloride and 
benzene have also been recommended as solvents. 

For melting points of derivatives, see page 166. 
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FORMIC ACID 

HCOOH 
Mol. Wt. 46-0 * 

Reagent for Primary and Secondary Aromatic Amines 

Formic acid is most conveniently used for analytical purposes 
as the commercially available 90 per cent, wjw solution. 

The condensation products given with the above-mentioned 
classes of compounds are well crystalhsed and possess sharp 
melting points. The equation for the reaction is as follows : 

ArNHR-F HCOOH-^ ArNR+H^O 

CHO 

It will characterise each of the three phenylene diamines. It 
should be noted, however, that the derivative obtained from 
o-phenylene diamine is benziminazole, viz. : 



Preparation of Derivatives 

The amine (0-5 g.) is refluxed for 10 minutes with 5 ml. 90 per 
cent, formic acid and the hot solution diluted with about 10 ml. 
cold water. The derivative, which separates either at once or on 
cooling in a freezing mixture followed in some cases by saturation 
with sodium chloride, is filtered off, washed with cold water and 
reorystallised from a suitable solvent (usually alcohol, water or, 
for the lower melting derivatives, petroleum ether of boiling point 
60 - 80 *^). 

Note that 2-ammo-3-nitrotoluene forms no formyl derivative 
under these conditions owing to steric hindrance. 

For melting points of derivatives, see pages 129 and 136. 
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hydroxylaMine hydrochloride 

NH^OH • HCl 
Mol. Wt. 69*5 

Reagent for Aldehydes and Ketones 

This reagent occurs as colourless crystals readily soluble in 
water and in alcohol. With carbonyl compounds hydroxylamine 
hydrochloride reacts according to the following equation, forming 
oximes 

RR'C : 0 + NH2OH • HCl -> RR'C: NOH + Ufi + HCl 

The oximes are employed for the characterisation of a number of 
carbonyl compounds, but as far as many of the lower members of 
this class are concerned the oximes are of rather low melting point, 
soluble to an inconvenient degree and difficult to purify. Conse¬ 
quently other reagents, such as semicarbazide hydrochloride, 
p-nitrophenylhydrazine or 2 : 4-dinitrophenylhydrazine, find more 
general application as means of identification. 

The above reaction also forms the basis of a volumetric method 
for the determination of certain aldehydes and ketones. This 
method, which is of particular interest in the examination of 
essential oils, depends upon the fact that the hydrochloric acid 
set free in the process of oximation may be titrated with standard 
alkali. 

Preparation of Derivatives 

Aldehydes react readily in the cold when mixed with a solution 
of hydroxylamine hydrochloride in which the mineral acid has 
been neutralised with sodium acetate, sodium carbonate or sodium 
hydroxide. For example, 1 g. of an aliphatic aldehyde containing 
about seven carbon atoms is dissolved in 6 ml. alcohol and mixed 
with a solution of 1 g. hydroxylamine hydrochloride and 2 g* 
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sodium acetate in 3 ml. water. A little more alcohol is added if 
necessary to complete solution of the aldehyde and after standing 
for ^ to I hour the oxime is crystallised by cooling in ice. With 
aromatic aldehydes it is advantageous to employ an excess of 
sodium hydroxide, but this will need subsequent neutralisation in 
order to precipitate the oxime. 

Ketoximes are not formed so readily as the aldoximes, and long 
standing or refluxing is generally necessary. The more vigorous 
conditions are required in the aromatic series, where an excess of 
hydroxylamine and a two- to three-fold excess of sodium hydroxide 
is commonly employed and the solvent must be mainly alcoholic. 

In the preparation of alicyclic oximes Hiickel and Sachs [7] have 
made good use of Olander’s results [6], which showed that oxima- 
tion proceeds rapidly in solutions buffered with sodium acetate at 
pH 4^7. Hydropiylamine hydrochloride with no neutralising agent 
has been found suitable for the oximation of ketonic acids [3]. 

The oximes are isolated by neutralising any excess soda and 
dilution of alcoholic liquids with water. The more soluble oximes 
may be extracted with ether. For recrystallisation alcohol is 
employed. 

a-Diketones form mono- and di-oximes, while ^-diketones 
readily yield cyclic compounds. The possibility of stereoisomeric 
mixtures of oximes cannot always be disregarded. Penchone 
yields a mixture which requires careful purification to yield the 
oxime melting at 167° [7], and in our own experience furil gives a 
mixture of the a- and ^-stereoisomers which are not very readily 
separated. 

The effect of steric hindrance on oxime formation is dealt with 
fully by Stewart [4]. 

For melting points of derivatives of 

(а) aldehydes, see page 120. 

(б) ketones, see page 146. 

Quantitative Methods 

The acid liberated in the course of the condensation is titrated 
under carefully controlled conditions. Standardised procedures 
designed for the examination of essential oils have been published 
by the Society of Public Analysts [8, 9]. 
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The following method is applicable to aliphatic and many 
aromatic aldehydes and to aliphatic and alicyclic ketones, but 
aromatic ketones yield low results. 

Dissolve 7 g. hydroxylamine hydrochloride in 100 ml. water, 
add 1 ml. bromophenol blue (0*04 per cent.) solution and titrate 
with N/1 sodium hydroxide to the blue colour of the indicator. 
Weigh accurately 3 to 5 g. of the aldehyde or ketone into a 
stoppered flask, add the solution of hydroxylamine and sufficient 
alcohol, if necessary, to dissolve the sample, shake and allow to 
stand one hour. Transfer to a 500 ml. stoppered flask (for con¬ 
venient shaking), add 20 ml. petroleum ether (B.Pt. 60-80°) and 
titrate with N/1 sodium hydroxide, with vigorous shaking, until 
the indicator assumes the same blue colour as in the preliminary 
adjustment. 

The use of a large proportion of alcohol renders the end point 
less distinct and in such a case it is desirable to prepare the 
original hydroxylamine solution with a similar concentration 
of alcohol and in sufficient quantity to reserve a portion as a 
colour standard. The alcohol should be free from aldehydes 
and ketones. 

Modified volumetric methods, applicable to camphor, carvone, 
menthone, camphylene and other substances will be found under 
references [10, 11]. The liberation of acid from hydroxylamine 
hydrochloride has also been proposed as a sensitive test for 
carbonyl compounds, the reaction being carried out in the presence 
of a suitable pH indicator [12]. 
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METHYL IODIDE 

CH3I 

Mol. Wt. 141-9 

Reagent for Tertiary Amines 

Methyl iodide, a colourless liquid of boiling point 42° which 
remains stable indefinitely if kept over a small amount of mercury, 
forms addition compounds with tertiary amines whether aliphatic, 
aromatic or heterocyclic. A few of the compounds obtained are 
diflScult to isolate in the pure state and this difficulty may also be 
encountered when the base used is impure. In the majority of 
cases, however, both isolation and purification are simple. One 
great advantage that these derivatives possess is the fact that the 
iodine is fully ionised in aqueous solution and may be titrated 
with silver nitrate in neutral or acid solution. Since the com¬ 
pounds are all of the general formula 1 mol. base : 1 mol. methyl 
iodide, the titre immediately indicates the molecular weight of the 
tertiary amine. 

Preparation of Derivatives 

A mixture of 0*5 g. tertiary amine and 0-5 ml. methyl iodide 
is allowed to stand for 5 minutes. Whether spontaneous reaction 
has occurred or not, heat for a further 5 minutes in a water-bath 
and then cool in an ice-bath. The mixture should set solid, or if 
not, should do so on scratching with a glass rod. The product, 
which may be colourless or yeUow, is recrystallised from a suitable 
solvent such as absolute alcohol, acetone, acetic acid or ethyl 
acetate. 

For melting points of derivatives, 5ec page 138. 
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a-NAPHTHYL #5 g-CYANATE 

(a-Naphthyl Garbimide) 

CioH7*N:C:0 
Mol. Wt. 169-2 

Reagent for Alcohols, Phenols, Primary and Secondary Amines 

and Halides 

a-Naphthyl i^o-cyanate is a colourless liquid of boiling point 
153° at 18 mm. pressure. When heated its vapour is irritant, but 
this characteristic is far less pronounced than is the case with 
phenyl i«o-oyanate. It is also considerably more stable towards 
water, a further advantage both in storage and in use. 

ALCOHOLS AND PHENOLS 

The reagent yields a-naphthylurethanes with alcohols and 
phenols by a reaction analogous to that undergone by phenyl 
i^o-cyanate (page 75). 

CioH7-N:C:0+R OH-> • NH• COOR 

Preparation of Derivatives 

The general method of preparation is similar to that described 
for the phenylurethanes (page 75) but absence of water is not 
essential when employing the a-naphthyl compound unless the 
alcohol or phenol is so unreactive that heating is necessary, in 
which case an undue proportion of di-a-naphthylurea may be 
formed. Secondary alcohols generally need heating with the 
reagent and the urethanes of tertiary alcohols are obtained with 
greater difficulty or not at all. It is recommended [3] to carry 
out the reaction in boiling petroleum ether (B.Pt. 100-120°) for 
cinnamyl alcohol, menthol, bomeol, i^o-bomeol and benzoin. 
Certain phenols give difficulty, as for example o-nitrophenol and 
o-chlorophenol, but in these cases the addition to the reaction 
mixture of 2-3 drops of an ethereal solution of a tertiary amine, 
e.g., trimethylamine, induces an immediate reaction. The poly- 
hydric phenols, resorcinol, quinol, catechol and p 3 rrogallol do not 
yield a-naphthylurethanes [2]. The derivatives generally crystal- 
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Use well from petroleum ether (B. Pt. 100 - 120 '^) but those of the 
polyhydric alcohols are best crystallised from ethyl alcohol after 
removing any excess i. 90 -cyanate with ether or benzene. 

For melting points of derivatives of 

(a) alcohols, see page 115. 

(b) phenols, see page 155. 


AMINES 

a-Naphthyl i^o-cyanate reacts readily with primary and 
secondary amines both aliphatic and aromatic to form substituted 
ureas, but only a limited number of these derivatives have been 
prepared and characterised and these are mainly aliphatic [ 2 ]. 

C 10 H 7 NCO + R • NH 2 -> C 10 H 7 NH • CO • NHR 

Preparation of Derivatives 

The reaction is carried out by mixing the reactants in molecular 
proportions. The lower amines react very vigorously and, to 
avoid loss due to volatilisation, petroleum ether (B. Pt. 100-120®) 
is best employed as solvent. The same solvent may be used for 
crystallisation, but in some cases, e.g., methylamine and o- 
aminophenol, ethyl alcohol is to be preferred. The stability of the 
reagent towards water is again of considerable advantage since 
the gaseous lower amines are generally encountered in aqueous 
solution and'such solutions may be treated quite satisfactorily for 
the preparation of these derivatives. 

For melting points of amine derivatives, see pages 127 and 136. 


HALIDES [ 6 , 11] 

a-Naphthyl i^o-cyanate may be employed in precisely the same 
manner as phenyl Mo-cyanate (page 76) for the characterisation of 
alkyl halides through the Grignard reaction. It is claimed [ 6 ] 
that the naphthalides so obtained are less .soluble and better 
crystallised than the anilides but, while the melting points of the 
a-naphthaJides lie in a more satisfactory range, fewer have been 
determined. Some aryl halides have been included (^ee table, 
page 142). 
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OTHER APPLICATIONS 

The reagent has also been employed in the study of aminpacids 
and a limited number of derivatives have been prepared and 
characterised. On this subject reference should be made to the 
original literature [1, 2]. 


BIBLIOGRAPHY 

1. C. Neubero and A. Manasse. Ber., 88, 2369 (1906). 

2. C. Nexjbbrg and E. Rosenberg. Biochem, Z.^ 6, 456 (1907). 

3. C. Nbuberg and E. Kansky. Biochem, Z., 20, 446 (1909), 

4. V. T. Biokel and H. E. French. J.A.G.S., 48, 747 (1926). 

6. H. E. French and A. F. Wirtel. J.A.C.S,, 48, 1736 (1926). 

6. H. Gilman and M. Fttrry. J.A,C.S., 50, 1214 (1928). 

7. H. W. Underwood and J. C. Gale. J.A.G.S., 56, 2117 (1934). 

8. J. Tischer. Ber., 72, 291 (1939). 


a-NAPHTHYL /so-THIOCYANATE 

CioH^N : C : S 
Mol. Wt. 185*2 

Reagent for Primary and Secondary Aliphatic Amines 

a-Naphthyl i 50 «thiocyanate is a white crystalline substance of 
melting point 63-56°, insoluble in water but soluble in alcohol. 
Its reaction with amines is similar to that described for phenyl 
i^o-thiocyanate (page 81) but with aliphatic amines the a-naphthyl 

CioH^N: C: S + R * NHg-> CioH^NH • CS • NHR 

thioureas show better characteristics for identification purposes, 
and melting points have also been determined for a number of 
secondary amine derivatives. 

Preparation of Derivatives 

Equivalent quantities of the reagent and the amine are dis¬ 
solved in a small volume of alcohol. If no spontaneous reaction 
occurs the mixture is wanned and set aside to cool. The thioureas 
are recrystallised from alcohol or dilute alcohol and show a marked 
tendency to form supersaturated solutions. 
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For melting points of derivatives of 

(а) primary amines, ^ee page 127. 

(б) secondary amines, see page 136. 

BIBLIOGRAPHY 
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J&-NITROBENZALDEHYDE 

CHO 

\/ 

NO2 

Mol. Wt. 16M 

Reagent for Primary Aromatic Amines 

p-Nitrobenzaldehyde occurs as pale yellow needles melting at 
106°, easily soluble in hot alcohol, insoluble in water. It forms 
condensation products with primary aromatic amines according 
to the equation 

ArNHa + OHC • • NOg-ArN: HC • CeH^ • NO^ + H^O 

The condensation may be effected by refluxing the two com¬ 
ponents in alcoholic solution but reaction is much more rapid 
when glacial acetic acid is employed as the solvent. The conden¬ 
sation products, which are varying shades of yellow, are easily 
purified by recrystallisation and possess sharp melting points. 
The yield of derivative is excellent in the great majority of cases 

Preparation of Derivatives 

A solution of 0*6 g. primary amine and one molecular proportion 
of the reagent in 5 ml, glacial acetic acid is refluxed for 30 minutes. 
The solid separating with or without careful dilution with water 
is filtered off and recrystaUised from a suitable solvent, usually 
alcohol, glacial or dilute acetic acid. 

The use of this procedure with the naphthylamines gives rise to 
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a somewhat resinous product. For these derivatives the following 
method should be employed : Separately dissolve 0*6 g. amine 
and one molecular proportion of reagent in 10 ml. glacial acetic 
acid and mix the boiling solutions. Stir to mix thoroughly, allow 
to crystallise, filter off and recrystallise from glacial acetic acid. 

For melting points of derivatives, see page 129. 


/).NITROBENZOYL CHLORIDE 

COCl 


N02 

Mol. Wt. 185-6 

Reagent for Alcohols and Phenols 

P‘Nitrobenzoyl chloride is a pale yellow crystalline powder of 
melting point 72-73° which slowly hydrolyses in moist air to 
p-nitrobenzoic acid. The reagent is readily soluble in benzene 
and carbon tetrachloride but somewhat less soluble in petroleum 
ether. Alcohols and phenols rapidly yield p-nitrobenzoic esters 
with the reagent. 

ROH +NOi,<^ ^ ^ OCl-s- NOa< ^ ^ OOR+HCl 

Preparation of Derivatives 

Dissolve the alcohol or phenol in a small amount of pyridine 
and add an equivalent, or slight excess, of p-nitrobenzoyl chloride. 
After refluxing for a short time cool the solution and add water. 
Filter off the solid ester, wash with a little cold dilute sodium 
hydroxide and* then with water. Recrystallise the alcohol 
derivatives from petroleum ether and the phenyl esters from 
alcohol. 

For melting points of derivatives of 

(а) ^ alcohols, see page 11$. 

(б) phenols, see page 155. 
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/)-NITROBENZYL BROMIDE 

CHgBr 


\/ 

NO2 

Mol. Wt. 216*0 

Reagent for Carboxylic Acids, Substituted Barbituric Acids 

and Phenols 

p-Nitrobenzyl bromide is a light-yellow feathery crystalline 
powder melting at 98-100"^. The reagent, which is soluble in 
alcohol, is slightly lachrymatory. p-Nitrobenzyl chloride and 
iodide have also been proposed as reagents but the bromide is to 
be preferred because, in general, it reacts more readily than the 
chloride and is more soluble in alcohol than the iodide. 

CARBOXYLIC ACIDS [1, 3, 4, 7] 

With carboxylic acids the reagent gives rise to the corresponding 
p-nitrobenzyl esters. 

OHgBr CH2OOCR 



+ R-COOH - 1 

] 


\/ 

1 


0 

to 

NO 


Preparation of Derivatives 

Dissolve 1 g. of the sodium salt of the acid in 5 ml. water and 
add 1 g. of the reagent dissolved in 10 ml. alcohol. Reflux the 
solution one hour and cool. Crystallise the derivative which 
separates from alcohol or from aqueous alcohol. For polybasic 
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acids it is advisable to extend the time of refluxing to two or 
three hours according to the basicity of the acid. 

For melting points of derivatives, see page 110. 


SUBSTITUTED BARBITURIC ACIDS [6, 9] 


p-Nitrobenzyl bromide will give mono-, di- or tri-substituted 
derivatives with substituted barbituric acids according to the 
number of substituents already in the molecule. Thus the 
p-nitrobenzyl radical will replace the hydrogens attached either 
to the carbon or to the nitrogen. The reaction with veronal can 
be represented. 




CO—NH 

i i 


CO- 


IO+2NOoC«H,CHoBr- 


CO—NH 


■C(CA)2 

CO- 


-N-CHjCeH^-NOg 

CO 

I 

-NCH2C5H4N02 
+ 2HBr 


Preparation of Derivatives 

For substituted barbituric acids with two replaceable hydrogens, 
dissolve 0*5 g. of acid and 0-25 g. anhydrous sodium carbonate in 
5 ml. water. Warm to dissolve and then add 1 • 1 g. p-nitrobenzyl 
bromide dissolved in 10 ml. alcohol. Reflux for one hour. 
Should no derivative separate on cooling, add water to the hot 
solution until a cloudiness persists and then cool and filter. Wash 
well with water, then with a small quantity of alcohol and finally 
with ether. 

Recrystallise the product from water or alcohol, or dissolve 
in chloroform and reprecipitate with alcohol. 

For melting points of derivatives, see page 140. 


PHENOLS [2, 5] 

p-Nitrobenzyl bromide reacts with phenols to give ethers of 
definite melting points suitable for the characterisation of the 
phenols. 

R • OH +NO 2 • CeH^ • CHgBr-^ NOgCe * • CH 2 OR +HBr 

Preparation of Derivatives 

Dissolve 1 g. of the phenol and 1 g. of reagenjb in 26 ml. alcohol 
and 1 ml. 6N sodium hydroxide and reflux for one hour. Add 6 to 
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10 ml. water to dissolve any alkali bromide and then make the 
solution alkaline to litmus. Cool, filter off the ^^-nitrobenzyl ether 
and recrystallise from alcohol or from aqueous alcohol. 

For melting points of derivatives, see page 155. 

OTHER APPLICATIONS 

p-Nitrobenzyl bromide has been proposed as a reagent for the 
identification of a limited number of primary and secondary 
aromatic amines [8], but in view of the number of satisfactory 
reagents which are available, this application has not been deemed 
worthy of fuller treatment. 

BIBLIOGRAPHY 

1. E. E. Reid. J.A.C,S., 39, 124 (1917). 

2. E. E. Reid. J.A,0,8,, 89, 304 (1917). 

3. J. A. Lyman and E. E. Reid. J.A.C.aST., 39, 701 (1917). 

4. E. Lyons and E. E. Reid. J.A.C.S,, 89, 1727 (1917). 

6. J. A. Lyman and E. E. Reid, J,A.G,S,, 42, 615 (1920). 

6. E. Lyons and A. W. Box. J,A,C,S„ 61, 288 (1929). 

7. F. F. Blickb and F. D. Smith. J.A.O.aS'., 61, 1947 (1929). 

8. E. Lyons. J, Amer, Pharm. Aaaoc.t 21, 224 (1932). 

9. T. L. Kelly and M. Segura. J.A.C,S., 66, 2497 (1934). 

10. J. C. Jbspersen and K. T. Larsen. Arch, Pluirm., 276, 28 (1937). 

11. D. Price and R. Griffith. J,A,C,S,y 62, 2884 (1940). 


/>-NITROPHENYL wo-CYANATE 

(p-Nitrophenyl Carbimide) 

N:C:0 



NO^ 


Mol. Wt. 164-1 

Reagent for Alcohols and Primary and Secondary Amines 

p-Nitrophenyl i^?o-cyanate is a yellow crystalline substance of 
melting point 66-67°. It is soluble in carbon tetrachloride, ben¬ 
zene and other non-hydroxylic solvents. The solid reacts very 
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read% with atmospheric moisture, yielding the much less soluble 
di-p-nitrophenyl urea and on this account must be stored in well- 
closed containers. It has none of the lachrymatory properties of 
phenyl i^o-cyanate. 

ALCOHOLS 

With alcohols p-nitrophenyl i^o-cyanate forms urethanes which 
have higher melting points than those derived from phenyl iso- 
cyanate. 

NO2 • C6H4N : C : O +R • OH -^ NOg • • NH • COOR 

Preparation of Derivatives 

For the lower alcohols Shriner [1, 5] recommends mixing the 
i.90“Cyanate with an excess of the alcohol in benzene solution; a 
spontaneous reaction occurs, the benzene is evaporated off and the 
urethane recrystallised from carbon tetrachloride. We have found 
it quite as satisfactory to carry out the reaction in carbon tetra¬ 
chloride, filter the hot solution and allow to crystallise. Methyl- 
and ethyl-p-nitrophenyl-urethanes are not very soluble in carbon 
tetrachloride but can be crystallised quite satisfactorily if sufficient 
solvent is used. The higher alcohols, from octyl upwards, are 
treated with the i^o-cyanate in petroleum ether and the urethanes 
reciystallised from 50 per cent, alcohol [3, 4]. 

For melting points of derivatives, see page 115. 

AMINES 

p-Nitrophenyl i^o-cyanate yields substituted ureas with primary 
and secondary amines. 

NOaCeH^NrC.G + NHa-R -^ NOg • CeH^ • NH • CONH • R 

The derivatives obtained from aliphatic amines give good differen¬ 
tiation on melting points in certain cases but the melting points 
for aromatic derivatives [7] are inconveniently high and are, in 
many cases, accompanied by decomposition. For this reason only 
the aliphatic series are included in the tables. 

Preparation of Derivatives 

The general procedure is to mix benzene solutions of i^o-oyanate 
and amine and to precipitate the substituted urea with petroleum 
ether. The derivative is then reorystallised from ethyl aloohoL 
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For melting points of derivatives of 

(а) primary amines, see page 127. 

(б) secondary amines, see page 136. 

OTHER APPLICATIONS 
The reagent has also been investigated with respect to amino- 
acids and substituted hydrazines. With the former it yields 
derivatives of hydantoic acid or hydantoin and with the latter 
substituted semicarbazides. For particulars of these methods and 
derivatives reference should be made to Hoogstraten’s paper [3]. 
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p -NITROPHENYLHYDRAZINE 

NH-NHij 

A 



NOj 

Mol. Wt. 1631 


Reagent for Aldehydes and Ketones 

The reagent, an orange crystalline solid of M.P. 167°, is 
probably the best of its type, condensing with aldehydes and 
ketones to yield crystalline derivatives with convenient melting 
points. The reagent itself slowly decomposes if exposed for long 
at room temperature but may safely be stored in a refirigeijktor 
indefinitely. It is insoluble in water but easily soluble in hot 
. alcohol. 
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Preparation of Derivatives 

Equivalent amounts of the carbonyl compound and p-nitro- 
phenylhydrazine conforming to the equation 

RR'CO + H jN • HN<^ ^ -> RR'C: N • HN<(^ + H^O 

are dissolved in glacial acetic acid and refluxed for 15 to 30 
minutes. The derivative usually crystallises out on cooling, or, 
if not, will do so on careful dilution with water. The solid is 
collected and recrystallised to constant melting point (one crystal 
lisation is normally sufficient) from a suitable solvent, usually 
alcohol, acetic acid or nitrobenzene. 

For melting points of derivatives of 

(a) aldehydes, see page 120. (6) ketones, see page 146. 

Properties of p-Nitrophenylhydrazones 

p-Nitrophenylhydrazones give good Janovsky reactions, intense 
red or violet colours being given when the solution in acetone is 
treated with 5N sodium hydroxide. 

By contrast neither o- nor m-nitrophenylhydrazones give any 
red colour. The result of a test should, however, be interpreted 
with caution since, for example, p-nitrobenzaldehyde o-nitro- 
phenylhydrazone gives an intense green colour under these 
conditions. 

OTHER APPLICATIONS 

The sparing solubility of furfural and methyl-furfural p-nitro- 
phenylhydfazones are such that the reagent has been used for the 
estimation of these aldehydes [18]. The reagent has also found 
use in the determination of acetone [17], in the detection of 
formaldehyde [9] and as a microchemical reagent for aldehydes 
and ketones [6]. 
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3-NITROPHTHALIC ANHYDRIDE 



NO2 


Mol. Wt. 193*1 
Reagent for Alcohols 

3-Nitrophthalic anhydride is a yellow crystalline solid melting 
at 163-164"'. It readily reacts with aliphatic alcohols with the 
formation of mono-esters in accordance with the equation : 



a small quantity of the isomeric ester is formed at the same time 
but this is completely removed on recrystallisation. The melting 
points of the esters are rather close together but the derivatives 
have a free carboxyl group so that the equivalent weights can 
easily be determined by titration with standard alkali. 

Preparation of Derivatives [1] 

A quantity of anhydride is treated with half its weight of 
alcohol and heated on a water-bath for 10 minutes. The product 
is dissolved in hot water, crystallised, filtered oS and dried. 

In the case of aqueous alcoholic solutions it is advisable to add 
potassium carbonate in excess and to pipette off the alcohol layer 
for testing purposes. 

For melting points of derivatives, see page 115. 
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OTHER APPLICATIONS 

The reagent has also been employed, but is not recommended 
for the identification of mercaptans [2]. 
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PHENACYL BROMIDE 

(to - Bromoacetophenone) 

CgHg • CO ■ CHgEr 
Mol. Wt. 199-1 

Reagent for Carboxylic Acids 

Phenacyl bromide is a white crystalline solid which melts at 
48-50° and which discolours on keeping. The substance is 
insoluble in water but soluble in alcohol. The reagent is particu¬ 
larly useful for the identification of organic acids, for the latter 
are converted to crystalline phenacyl esters. 

• CO • CHoBr + R • COOH-> R • COO • CHg • CO • CeH^ + HBr 

Preparation of Derivatives 

Dissolve 1 g. phenacyl bromide in 10 ml. alcohol and add the 
sodium salt of the acid dissolved in 5 ml. water. Reflux for a 
period depending upon the basicity of the acid, one hour for a 
monobasic acid, two hours for a dibasic acid and three hours for 
tribasic. When identifying poly basic acids it is advisable to use 
an excess of the reagent. Cool the solution, filter off the phenacyl 
ester and wash with two 5 ml. portions of aqueous alcohol and 
then twice with 5 ml. portions of water. RecrystaUise the product 
firom alcohol or from aqueous alcohol.. 

For melting points of derivatives, see page 110. 
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PHENYL ISO-CYANATE 

(Phenyl Garbimide) 

C,H,-N:C:0 
Mol. Wt. 1191 

Reagent for Alcohols, Phenols and Alkyl Halides 

Phenyl tso-cyanate is a colourless liquid boiling at 160--163''. 
Its^ vapour, even at normal temperatures, is irritant and lachry¬ 
matory. The liquid reacts very readily with water and must be 
protected from atmospheric moisture by well-closed containers. 
In spite of such protection it may come to contain some crystals 
of carbanilide, the product of reaction with water, but traces of 
this impurity are separated in the ordinary course of preparing 
derivatives. 


ALCOHOLS AND PHENOLS 

The reagent forms urethanes or carbanilates by reaction with 
alcohols and phenols. 

CeH6 N:C:0+R 0H -^ CeH^ NH COOR 

The derivatives so obtained are readily crystallised and show 
well-defined melting points, though in the case of the alcohols 
the melting points are rather low. 

Preparation of Derivatives 

The alcohol or phenol should be practically free from water, 
since water reacts preferentially with the i^o-cyanate yielding 
carbanilide. A sample is mixed in a dry test-tube with a little less 
than one equivalent of the reagent. With many of the alcohols 
the reaction is spontaneous and the mixture becomes warm, but 
in all cases the reaction should be completed by heating for a 
few minutes in a boiling water-bath. On cooling, the derivative 
solidifies and is recrystallised from petroleum ether or carbon 
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tetrachloride. We have found petroleum ether, B. Pt. 80-100® 
or 100-120®, to yield very satisfactory crystallisations, any 
carbanilide which is present being quite insoluble and easily 
removed by filtration. 

Secondary alcohols react less readily than primary and the 
tertiary alcohols still less readily [9]. Polyhydric alcohols react 
generally with each hydroxyl group when heated to 150-200® 
with the i^O'Cyanate. These derivatives are best crystallised from 
alcohol after washing out any unreacted i.§G-cyanate with ether 
or benzene, but it is often difficult to induce them to show satis¬ 
factory melting points [2J. Polyhydric phenols are heated 10-15 
hours in a sealed tube at 100® [1]. 

Negative groups hinder the reaction of phenols with phenyl 
tso-cyanate but the derivatives of the mono-nitrophenols have 
been obtained by boiling with the reagent in toluene for 3 hours, 
when the urethanes will crystallise on cooling [5]. We have found 
it more convenient and successful to employ the catalytic effect of 
tertiary amines discovered by French and Wirtel in their work on 
oc-naphthyl i^o-cyanate. For example, the addition of 2-3 drops 
of an ethereal solution of trimethylamine to a mixture of o- 
nitrophenol and phenyl i^o-cyanate brings about an immediate 
reaction. We were unsuccessful in preparing this derivative by 
other means. 

For melting points of derivatives of 

(а) alcohols, see page 115. 

(б) phenols, see page 155. 

A further series of melting points for derivatives of uncommon 
phenols is also to be found from bibliography reference [13]. 

ALKYL HALIDES 

Phenyl wo-cyanate reacts according to the following scheme 
with the Giignard reagents prepared from the alkyl halides. 

• N:C;O +RMgHlg-C^H^N:C*OMgHlg 

R 

H,0 

-► C,Hs • NHCOE + Mg(OH)Hlg 

The product of the reaction is, therefore, the anilide of the acid 
containing one more carbon atom than the alcohol radicsd. 
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Preparation of Derivatives 

The following procedure is quoted from the paper cited under 
[15]: 

‘ In a dry test-tube with a cork bearing a calcium chloride tube 
is placed 0*4 g. (17 milliatoms) of magnesium turnings. A small 
crystal of iodine is added and the tube is heated gently until the 
iodine has reacted completely. The tube is allowed to cool and a 
solution of 1-2 g. (approximately 10 millimoles) of the dry alkyl 
halide in 4-5 ml. of dry ether is added. With many halides the 
reaction starts vigorously, and it is necessary to cool the tube in a 
bath of cold water. In these cases it is preferable to add slowly 
the solution of the alkyl halide to the magnesium. If the reaction 
does not start spontaneously the tube is heated gently by im¬ 
mersion in a beaker of warm water. After the reaction has started 
the ether is maintained in gentle ebullition until the alkyl halide 
has reacted completely. After cooling, about 10 ml. of dry ether 
is added and the un-reacted magnesium is allowed to settle. The 
solution is decanted quickly into another dry test-tube of large 
capacity, and 4-5 ml. of a 10 per cent, ethereal solution of phenyl 
i«jo-cyanate (J4-4 millimoles) is added dropwise, with shaking. 
The tube is protected from atmospheric moisture and allowed to 
stand for a few minutes with intermittent shaking. The reaction 
mixture is poured cautiously into 20 ml. of ice water containing 
1 ml. of concentrated hydrochloric acid and the mixture is 
agitated thoroughly. The ether layer is separated, dried over 
anhydrous magnesium sulphate and evaporated. The residual 
crude anilide is crystallised from appropriate solvents and if 
necessary decolorised by the addition of a little decolorising 
carbon.’ 

For melting points of derivatives, page 142. 
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PHENYLHYDRAZINE HYDROCHLORIDE 

CgHfi • NH • NHg • HCl 
Mol. Wt. 144-6 

Reagent for Aldehydes and Ketones 

Phenylhydrazine hydrochloride is a white or pale cream- 
coloured crystalline powder which is liable to become brown and 
unfit for use if exposed unduly to air and light. It is soluble in 
water and in alcohol. 

With carbonyl compounds phenylhydrazine reacts to form 
phenylhydrazones. 

RR'C: O + HgN • NH • CgHg -> RR'C: N • NHCgHg + HgO 
The derivatives yielded by the lower aldehydes and ketones are 
often oils or low-melting solids difficult to crystallise, and although 
the reagent is quite useful in some instances it has become largely 
superseded by the nitro-substituted phenylhydrazines. 

a-Hydroxyaldehydes and ketones with an excess of phenyl¬ 
hydrazine yield osazones by oxidation of the a-hydroxyl group 
and condensation with a second molecule of phenylhydrazine. 
R—CrN-NHCgHg 

I -f2CeH5-NH-NH2 

R'—CH-OH 

R—CrN-NH-CgHg 

—> I +CeH6-NH2+H20+NH8 

R'--C:N-NH-CgH5 
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The formation of osazones is of importance in the study of the 
sugars [3] but this subject is not within the scope of the present 
volume. 

a-Diketones react normally yielding mono- and di-hydrazones or 
osazones while jS-diketones yield pyrazoles. 

Phenylhydrazine has also been applied to the characterisation 
of eight aliphatic sulphonic acids, methyl to r^-octyl, but in view 
of the rarity of these acids the reader is referred for details to the 
literature [5], 

Preparation of Derivatives 

A solution of phenylhydrazine is prepared by dissolving 1 g. of 
the hydrochloride and 1*5 g. of sodium acetate in 10 ml. of water. 
The aldehyde or ketone is dissolved in a little alcohol and added 
to an excess of the phenylhydrazine solution and the mixture 
warmed on a steam bath for about 30 minutes, more alcohol 
being added if necessary to dissolve the aldehyde or ketone. The 
phenylhydrazones often separate first as oils on cooling. Purifi¬ 
cation is effected by recrystallisation usuafiy from alcohol, though 
dilute alcohol, water, benzene or ligroin may sometimes be found 
more suitable. The alcohol employed in the preparation or 
purification of phenylhydrazones must be free from aldehydes 
and ketones. 

A 30 to 50 per cent, acetic acid solution of the liquid phenyl¬ 
hydrazine base is also commonly employed for the preparation of 
phenylhydrazones but the hydrochloride is more stable and more 
convenient to handle. 

Some substances apparently require a considerable departure 
from the standard procedure outlined above, and in some cases 
variations in the method of preparation lead to alternative 
derivatives. Where circumstances are thus complicated the use 
of some other reagent is generally to be preferred. 

The phenylhydrazones tend to undergo transformation to 
derivatives of indole with loss of ammonia and, for this reason, it 
is advisable to determine their melting points without delay. 

For melting points of derivatives of 

(а) aldehydes, see page 120. 

(б) ketones, see page 146. 
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Quantitative Methods 

Quantitative methods for some aldehydes and ketones have 
been devised [4]. 
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4.PHENYLSEMICARBAZIDE 

CeHs-NH-CO'NH-NHg 
Mol. Wt. 123'2 

Reagent for Aldehydes and Ketones 

4-Phenylsemicarbazide occurs as a white crystalline substance, 
of melting point 120-123°. With aldehydes and ketones it under¬ 
goes condensation, yielding phenylsemicarbazones. 

RR'-CrO+HgN-NH-CO-NH-CeH^ 

-RR'C:N-NH-CO-NH-CeH5 + HaO 

These derivatives crystallise well and have sharply defined melt¬ 
ing points. 

Preparation of Derivatives 

A solution of 0-5 g. of 4-phenylsemicarbazide in 6 ml. alcohol 
is acidified with a few drops of acetic acid and to it is added a 
solution of a molecular equivalent of the aldehyde or ketone in 
5 ml. of alcohol. The mixture is heated for a few minutes in a 
water-bath and filtered hot. On cooling, the phenylsemicarbazone 
crystallises, though dilution with water may sometimes be 
necessary. It is recrystaUised from alcohol or diluted alcohol. 

For melting points of derivatives of 

(a) aldehydes, see page 120. 

(b) ketones, see page 146. 
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PHENYL /50-THIOCYANATE 

CfiH5 • N : C : S 
Mol. Wt. 135*2 

Reagent for Primary Amines and Nitriles 

Phenyl ido-thiocyanate is a pale yellow liquid boiling at 117-118® 
at a pressure of 34-35 mm. It is insoluble in water but soluble 
in alcohol and does not react readily with either; the latter may, 
in consequence, be employed as a solvent in the preparation of 
derivatives. 


AMINES 

The reagent yields substituted thioureas with amines both 
aliphatic and aromatic. 

CeH^NCS + R • NHg -CeH^NH * CS • NHR 

In the aliphatic series the derivatives are difficult to crystallise and 
of rather low melting points. Although the reagent reacts with 
secondary amines its use appears to have been limited to the 
characterisation of the primary class. Certain substitution pro¬ 
ducts of aniline fail to give thioureas with the reagent. This applies, 
though not invariably, to di-ortho substituted compounds, while 
NO 2 substituted in the 2 or 4 position prevented condensation in 
all the cases investigated by Goehring and Pottebaum [2], These 
authors prepared derivatives from a series of halogen and nitro- 
substituted anilines which, on account of their rarity, are not 
included in our tables. 

Preparation of Derivatives 

The calculated quantity of the reagent is added to a solution of 
the amine in alcohol when, in many cases, a spontaneous reaction 
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occurs and the thiourea crystallises when the solution cools. If 
the reaction takes place less readily, as is common with aromatic 
amines, the solution is heated to boiling or the reactants are 
heated together without solvent over a low flame. The derivative 
is recrystallised from alcohol or dilute alcohol. 

For melting points of amine derivatives, see pages 127 and 129. 

NITRILES [3j 

The reagent has been applied to the characterisation of a limited 
number of nitriles after reduction of the latter to amines. 

R • CN +4H -^ R • CHg• NHg 

In the aromatic series the yields are poor, and the aliphatic nitriles 
yield eventually the same rather unsatisfactory derivatives as 
the amines. It would appear that the procedure would find 
more useful application to the aliphatic nitriles if a-naphthyl iso- 
thiocyanate were employed in place of phenyl ic90-thiocyanate. 
The experimental details are as follows : 

Preparation of Derivatives 

One gram of the nitrile is dissolved in 20 ml. of absolute alcohol 
in a flask fitted with a reflux condenser. Reduction is achieved by 
adding 1-6 g. of sodium in small pieces through the condenser at 
such a rate as to maintain a vigorous reaction, the flask being held 
in a water-bath at 50-60°. The solution is then cooled and 
acidified by the cautious addition of 10 ml. of hydrochloric acid 
(s. g. 1*18) through the condenser. The mixture is distilled until 
20 ml. of distillate are collected, again cooled, and made alkaline 
by the cautious addition of a strong solution of sodium hydroxide 
(6 g. in 6 ml. water). The contents of the flask are again distilled 
with the end of the condenser dipping into about 3 ml. of water 
and the heating continued until the residue of sodium chloride is 
almost dry. The distillate is shaken vigorously with 1 ml. of 
phenyl i^o-thiocyanate until the solid derivative separates, and 
this is purified in the usual manner. 

For melting points of derivatives, refer to the tables of 
primary aliphatic amines, page 127, and primary aromatic 
amines, page 129. 
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PHTHALIC ANHYDRIDE 


\ 





Wt. 148-1 


Reagent for Primary Amines and Aromatic Hydrocarbons 
Phthalic anhydride is supplied in the form of white flakes. It 
melts at 129-131'^, is slightly soluble in cold water, more soluble 
in hot water forming phthalic acid, afid is soluble in alcohol and 
in ether. 


AMINES [2] 

Phthalic anhydride has been emplo^^ed as a reagent for amines 
and under the conditions described below reacts only with primary 
amines. Thus the reagent can be used to separate primary from 
secondary and tertiary amines. 




-CO. 




>0 4 R NH., 


-c^o. 


>NR + H,0 


L-C(V 


Preparation of Derivatives 

Dissolve 1 g. of the amine and 1 g. phthalic anhydride in 10 ml. 
glacial acetic acid and reflux for about 30 minutes. On cooling, 
the N-substituted phthalimide crystallises out. Recrystallise 
from an appropriate solvent, usually alcohol, glacial acetic acid, 
or o-dichlorobenzene. 

With certain ortho-substituted amines it is advisable to add two 
drops of sulphuric acid to catalyse the reaction. With amine salts, 
particularly the aliphatic amine salts, it is stated that the reaction 
with phthalic anhydride does not proceed easily, and in such cases 



84 


ORGANIC REAGENTS FOR ORGANIC ANALYSIS 


it is suggested that the condensation be carried out in the presence 
of anhydrous sodium acetate. 

For melting points of derivatives of 

(а) primary aliphatic amines, see page 127. 

(б) primary aromatic amines, see page 129. 


AROMATIC HYDROCARBONS [1] 

o-Aroylbenzoic acids, prepared by condensing phthalic anhydride 
with aromatic hydrocarbons in the presence of aluminium chloride, 
serve as useful derivatives for certain hydrocarbons. These 
derivatives have definite melting points and can be titrated with 
alkali. In this way phthalic anhydride is a good reagent for 
benzene and toluene but it will not differentiate between the 
isomeric xylenes. It should be noted that the benzene and toluene 
derivatives crystallise as hydrates and readily lose their water of 
crystallisation at 100*^ ; the melting points quoted in the table 
are for the anhydrous compounds. 




-co^^ 

-CO/ 




-rooH 


• CeH, 


Preparation of Derivatives 

To an intimate mixture of 0-4 g. phthalic anhydride and 0*8 g. 
anhydrous aluminium chloride add 10 ml. carbon disulphide and 
0*4 g. of the hydrocarbon. Heat on a water-bath under reflux 
until no more hydrochloric fumes are evolved. Cool under the tap, 
and if two layers form, separate off the upper carbon disulphide 
layer. Add 10 ml. 6N hydrochloric acid drop by drop with 
shaking. Filter off and wash the solid with cold water. Boil the 
crude o-aroylbenzoic acid with 10 ml. 6N ammonia, 20 ml. water 
and a little charcoal. Filter, cool and acidify with dilute hydro¬ 
chloric acid. Filter off the soHd, wash and recrystallise from 
aqueous alcohol. 

As noted above, the benzene and toluene derivatives are the only 
two which crystallise as hydrates and these should be transferred 
to a watch-glass and dried at 100®. 

For melting points of derivatives, set page 144. 
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OTHER APPLICATIONS 

With aliphatic alcohols, phthalic anhydride readily forms alkyl 
hydrogen phthalates [3], but as a number of these compounds are 
not easy to isolate, 3-nitrophthaUc anhydride is to be preferred 
for the characterisation of alcohols. 
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PICRIC ACID 

(2:4:6 -Trinitrophenol) 
OH 



NOa 


Mol. Wt. 2291 

Reagent for Aromatic Hydrocarbons, Amines, Phenols, Alkaloids, 
Heterocyclic Compounds and Aromatic Ethers 

Picric acid is a bright yellow crystalline substance melting at 
122°, soluble in water (1 in 70 cold, 1 in 15 hot) and in cold 
alcohol (1 in 20). It forms addition compoimds with the above- 
named classes of organic substances and these derivatives are 
recommended for their speed of preparation and for the simplicity 
of technique required. 

Preparation of Derivatives 

The derivatives are prepared by mixing hot solutions of the 
two components in a single solvent, usually alcohol, acetic acid, 
acetone or water, and cooling, when the derivative separates in 
crystalline condition. Benzene, ether or chloroform is sometimes 
employed when the picrate is unstable to water or hydroxylic 
solvents, e.g. anthracene or fluorene picrate. The lower aromatic 
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hydrocarbons (benzene, toluene, etc.) yield picrates when the re¬ 
agent is refluxed with the hydrocarbon until dissolved and the 
vsolution allowed to cool. On attempting to determine the melting 
point, however, the hydrocarbon gradually evaporates off, leaving 
pure picric acid of melting point 122°. 

The large majority of derivatives have the general formula 
1 mol. substance : 1 mol. picric acid and should be recrystallised 
from the original solvent until of constant melting point. This is 
normally accomplished in one recrystallisation. 

Titration of Derivatives 

The derivatives may be further commended since they may be 
titrated against standard sodium hydroxide using ethyl bi8-2 :4- 
dinitrophenyl acetate as indicator. This indicator, employed as a 
1 per cent, solution in equal volumes of acetone and alcohol, gives 
a colour change from colourless to blue in the titration of a weak 
acid with a strong base, and is therefore very well suited to the 
titration of yellow picrate solutions. The titre directly indicates 
the picric acid content of the derivative and indirectly the mole¬ 
cular weight of the unknown component, assuming an equi- 
molecular composition. Other methods of estimating the picric 
acid content are to titrate with methylene blue solution [22], or 
titanous chloride [7, 8], or to decompose with sodium hydroxide 
and measure the sodium picrate by a photometric method [23]. 

From the viewpoint of recovery of material, purification via the 
picrate may be recommended. The picrate, after purification, is 
treated with warm dilute sodium hydroxide or ammonia and the 
original compound (if insoluble in alkali) separated by usual 
means. 

In conclusion, mention should be made of the mel^hod used 
to identify some compounds which behave abnormally, e.g. 
3 :4-xylen-ol. In this particular case the xylenol is fused with 
an equivalent weight of reagent (1-9 g. per gram of xylenol) 
and the yellow compound obtained recrystallised from alcohol 
(Himtress and MuUiken). 

For melting points of derivatives, of 

(а) aromatic hydrocarbons, see page 144. 

(б) primary aliphatic amines, see page 127. 
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(c) primary aromatic amines, see page 129. 

(d) secondary amines, ^ee page 136. 

(e) tertiary amines, see page 138. 

(/) phenols, see page 155. 

(g) alkaloids, see page 124. 

(h) heterocyclic compounds, see page 143. 
(j) aromatic ethers, see page 141. 
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PICRYL CHLORIDE 

(2:4:6-Trmitrochlorobenzene) 

Cl 

OjjN/^Oa 

\/ 

NO* 

Mol. Wt. 247-5 

Reagent for Primary and Secondary Amines 

Picryl chloride is a yellow crystalline solid melting at about 
83°, soluble in 45 parts cold or 4 parts boiling alcohol. The cold 
2 per cent, alcoholic solution used for analysis remains stable for 
at least one month. 

The reagent condenses with primary and secondary amines in 
alcoholic solution to form derivatives as follows : 

(N02)3 • CA • Cl + R • NH • R'-> (N02)3 • • NRR' + HCl 

The resulting picramides are stable, sparingly soluble in cold 
alcohol and melt sharply with little decomposition. They cry¬ 
stallise well and have brilliant colours. The colours of the 
derivatives produced from isomeric amines are frequently strik¬ 
ingly different, e.g. o-anisidine gives a violet coloured derivative, 
2 >-anisidine a bright red compound. In almost aU cases the yield 
of derivative obtained is excellent. 

Owing to the slower rate of condensation, it is not as useful for 
secondary amines although excellent results are obtained in some 
cases, e.g. piperidine and diethanolamine. 

The diamino compounds and nitroamines are better character¬ 
ised with other reagents, e.g. formic acid. 

Preparation of Derivatives 

Dissolve 0-25 g. of a solid amine in 2 ml. hot alcohol and add 
20 ml. of a 2 per cent, alcoholic reagent solution. Heat to boiling, 
cool, scratch (or add water) and filter off. Wash with a little cold 
alcohol and recrystallise from alcohol, glacial acetic acid or a 
mixture of the two. Collect, wash with a little alcohol and dry 
in warm air. 
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Liquid amines should be added to the reagent solution until 
present in slight excess (when a red colour is given that does not 
change on shaking). 

Amphoteric amino compounds and also those containing nitro 
groups are best treated as follows : 

Separately dissolve equimolecular amounts of the amine and the 
reagent in 50 per cent, alcohol, mix the hot solutions and add a 
solution of one to two molecular proportions of sodium hydroxide 
in the same solvent. On cooling, the required derivative cry¬ 
stallises out. This modification of the general method gives very 
good results with the aminobenzoic acids. 

For melting points of derivatives of 

(а) primary aliphatic amines, see page 127. 

(б) primary aromatic amines, see page 129. 

(c) secondary amines, see page 136. 
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SEMICARBAZIDE HYDROCHLORIDE 

NHa • CO • NH • NH^ • HCl 
Mol. Wt, 111-5 

Reagent for Aldehydes and Ketones 

Semicarbazide hydrochloride is a white crystalline compound 
melting at 173-176°. It is readily soluble in water but practically 
insoluble in alcohol. 

The base condenses with aldehydes and with ketones yielding 
semicarbazones: 

RR'C: 0 +HjN • NH • CO • NH* 


> RR'C:N NH CO NH,+HjO 
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Preparation of Derivatives 

The reaction is usually brought about by adding the aldehyde 
or ketone to a strong aqueous solution of semicarbazide hydro¬ 
chloride in which the mineral acid has been neutralised by the 
addition of an equivalent quantity of sodium acetate, adding 
alcohol, if necessary, to produce a clear solution. A small excess 
of semicarbazide is generally employed. The semicarbazone 
commonly crystallises in the course of a few minutes, though some 
require a much longer period, and may be recrystallised from 
water, alcohol or acetone. Hopper [5] devised a method in which 
the sodium acetate is conveniently replaced by pyridine. For 
example, 5 g. of acetoplienone is dissolved in 20 ml. of p 5 a*idine 
and the solution added to a solution of 5 g. of semicarbazide 
hydrochloride dissolved in 8 ml. of water. The semicarbazone 
crystallises readily from the aqueous pyridine. 

For melting points of derivatives of 

(a) aldehydes, see page 120. 

(b) ketones, see page 146. 

Quantitative Methods 

The semicarbazones, in common with other derivatives of 
hydrazine, may conveniently be titrated with standard iodate 
solution [13]. The weighed sample is dissolved in 50 ml. of 5N 
hydrochloric acid to bring about hydrolysis and to provide 
conditions for stability of the iodine chloride which is present at 
the end-point. In certain cases it is necessary to heat the acid 
solution to 100° in order to complete the hydrolysis. The solution 
is titrated with M/20 potassium iodate solution until the deep 
brown colour first formed becomes light, then a few ml. of chloro¬ 
form are added and the titration continued with vigorous shaking 
until the chloroform is colourless. 

NHg • CO • NH • NHa + KIO 3 +2HC1-> NH 3 -f-COg +N 2 -f^ICl +KC1 

This method of determination is not general in its application 
since certain carbonyl compounds, e.g. furfural, interfere with the 
titration. 

Other quantitative methods have also been recommended [6, 

10 , 11 , 12 ]. 
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STYPHNIC ACID 

(2:4: 6-Trinitro-resorcinol) 
OH 



NO2 

Mol. Wt. 245* 1 

Reagent for Hydrocarbons and Alkaloids 

Styphnic acid, a yellow crystalline solid melting at about 176°, 
is capable of yielding addition compounds with both the above- 
named classes of compounds in much the same manner as picric 
acid. The compounds formed do not crystallise quite as readily 
as the picrates and are usually obtained in smaller yield. Never¬ 
theless they are useful derivatives, especially since reliable reagents 
for hydrocarbons and alkaloids are few in number. 

The reagent will also form addition compounds with amines and 
heterocyclic bases such as carbazole and quinoline, but in view of 
the large number of amine reagents described, description of its 
use in this connection is omitted. Reference to the bibliography 
[1,3] will, however, provide the necessary information. 
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All derivatives except those otherwise indicated in the melting 
point table are equimolecular. No stable derivatives are formed 
by benzene and its simple homologues. 

Preparation of Derivatives of Aromatic Hydrocarbons 

A mixture of 1-25 g. reagent and 1/200 mol of the hydrocarbon 
is dissolved in 5-10 ml. acetic acid by heat and the solution 
allowed to cool and crystallise. The derivative is filtered off, 
washed with acetic acid and finally with alcohol before drying in 
air. After a melting point determination the derivative is re- 
crystallised from acetic acid and the melting point redetermined. 
With anthracene, benzene must be employed as solvent as with 
other solvents dissociation occurs. 

The colour of derivative obtained varies appreciably, thus : 
acenaphthene orange 

fiuorene golden-yellow 

naphthalene bright yellow 

phenanthrene golden-brown 

anthracene scarlet 

For melting points of derivatives, see page 144. 

Preparation of Derivatives of Alkaloids 

A mixture of 1*25 g. reagent and 1/200 or 1/400 mol of the 
alkaloid (depending on the basicity of the latter) is dissolved in 
boiling alcohol or acetic acid and allowed to crystallise. After 
collection the derivative is recrystallised from alcohol (95 per cent, 
or less), acetic acid or methyl ethyl ketone (quinine derivative). 
For melting points of derivatives, see page 124. 

Titration of Derivatives 

It is stated [4, 5, 6] that styphnates may be accurately titrated 
against decinormal sodium hydroxide using phenolphthalein as 
indicator. Trial has shown, however, that when tliis indicator is 
used, an end-point (very indefinite) is given before both hydroxyl 
groups have been neutralised. At best, therefore, titration can 
only give a very approximate indication of the molecular weight 
of the alkaloid or hydrocarbon. The use of thymolphthalein 
gives no improvement in end-point. 
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/)-THIOCYANOPHENYLHYDRAZINE 

HYDROCHLORIDE 

NH • NHa • HCl 



SON 

Mol. Wt. 201-5 

Reagent for Aldehydes and Ketones 

^-Thiocyanophenylhydrazine hydrochloride, a recent addition to 
the phenylhydrazine class of reagents for the carbonyl group, is a 
white or greyish white solid melting at 188° with decomposition. 
By virtue of the large number of derivatives described by Horii 
and the fact that the derivatives are well crystallised and of not 
too high melting point, this reagent deserves mention. 

Preparation of Derivatives 

A mixture of p-thiocyanophenylhydrazine hydrochloride and an 
equivalent weight of crystalline sodium acetate (0*7 g. per gram) 
as determined by the equation 

NCS • • NH • NHg • HCl + NaAc 

=NCS - CeH 4 • NH • NHg • HAc + NaCl 
is dissolved in a mixture of absolute alcohol and water. To the 
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solution is added a solution of the carbonyl compound in absolute 
alcohol and the whole refluxed for 5 to 10 minutes. 

The derivative either crystallises on cooling, or will do so on 
careful dilution with water and scratching. After filtration the 
derivative is recrystalliscd from a suitable solvent such as 70 per 
cent, alcohol and dried in air. 

For melting points of derivatives of 

(а) aldehydes, 6‘ee page 120. 

(б) ketones, see page 146. 

BIBLIOGRAPHY 
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THIOSEMICARBAZIDE 

NH^-NHCSNH^ 

Mol. Wt. 9M 

Reagent for Aldehydes and Ketones 

Thiosemicarbazide is a white crystalline substance of melting 
point ISl-lS^"", soluble in about 100 parts of water at normal 
temperature, much more soluble in hot water, and only slightly 
soluble in alcohol. It forms thiosemicarbazones with aldehydes 
and ketones just as semicarbazones are formed from the more 
commonly employed semicarbazide. 

RR'CrO+HgN NH CS NHg RR'C : N • NH • CS -NHa + HgO 

The thiosemicarbazones possess the distinctive property of 
forming insoluble compounds of the type 

RR' * C: N • N : CSM • NHg (M=monovalent metal) 

with silver, copper and mercury. The precipitation of the silver 
compounds has been proposed [1] as an aid to the separation of 
carbonyl compounds from mixtures and, since the silver is readily 
determined, a means is thereby provided of arriving at the mole¬ 
cular weight of the compound. The thiosemicarbazones of the 
sugars do not form silver compounds. 
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Preparation of Derivatives 

The thiosemicarbazones are prepared by heating a mixture 
of the aldehyde or ketone in alcohol with a strong solution of 
thiosemicarbazide in water. On cooling, the thiosemicarbazone 
crystallises from the dilute alcohol and may be crystallised from 
the same solvent or from water. 

For the preparation of the silver compound the thiosemi¬ 
carbazone must be free from any excess thiosemicarbazide since 
the reagent itself yields a similar compound with silver. A crude 
thiosemicarbazone is therefore dissolved in alcohol and any 
excess reagent filtered off. The filtrate is treated with silver 
nitrate solution and the amorphous precipitate filtered, washed 
and dried in a vacuum desiccator protected from light. 

The silver may be determined by thiocyanate titration ^fter 
decomposing the compound with hot fuming nitric acid. 

The thiosemicarbazone may be recovered from the silver com¬ 
pound by treating an aqueous, alcoholic or ethereal suspension with 
hydrogen sulphide or with the theoretical quantity of hydro¬ 
chloric acid. The aldehyde or ketone may be recovered by treat¬ 
ing the thiosemicarbazone or its silver compound with mineral 
acid. 

For melting points of derivatives of 

(а) aldehydes, see page 120. 

(б) ketones, see page 146. 

BIBLIOGRAPHY 
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96 


OBGANIC REAGENTS FOR ORGANIC ANALYSIS 


i)-TOLUENESULPHONYL CHLORIDE 

CH, 



SOgCl 

MoL Wt. 190-6 

Reagent for Primary and Secondary Amines and Phenols 

2 )-Toluenesulphonyl chloride is a white crystalline powder, 
melting at 66-67°. It has reagent properties similar to benzene- 
sulphonyl chloride. 


AMINES 

p-Toluenesulphonyl chloride can be used for the separation of 
primarjT^, secondary and tertiary amines and also for the identifi¬ 
cation of primary and secondary amines. For purposes of amine 
separations the reader is referred to the monograph on benzene- 
sulphonyl chloride, for p-toluenesulphonyl chloride is employed 
in precisely the same way as this reagent. The reaction between 
p-toluenesulphonyl chloride and amines may be represented as 
follows : 

RNHg + CHg • • SOgCl-5- CHg • CeH^ • SO 2 NHR + Ha 

RR'NH + CHg • CgH^ • SOgCl-^ CHg - C^H^ • SOgNRR' + HCl 

Preparation of Derivatives 

Dissolve or suspend 2 g. of the amine in 2 ml. pyridine and 
add, in small amounts with shaking, 4 g. p-toluenesulphonyl 
chloride. When a primary amine is used the reaction takes place 
with the evolution of heat and no further heating is necessary. 
If no appreciable reaction occurs heat on a water-bath for 30 
minutes. Cool and add water slowly ; filter off the solid and wash 
with dilute hydrochloric acid. Dissolve the sulphonamide, if it 
has been obtained from a primary amine, in hot dilute sodium 
hydroxide, filter and precipitate from the cold filtrate with 
l^ydrochloric acid. 

Recrystallise the crude sulphonamide from alcohol. 
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For melting points of derivatives of 

(а) primary aliphatic amines, see page 127. 

( б ) primary aromatic amines, see page 129. 

(c) secondary amines, see page 136. 

PHENOLS 

p-Toluenesnlphonyl chloride condenses easily with phenols. 

CHg • • SO 2 CI + ROH -> CH 3 • • SO 3 R + HCl 

Preparation of Derivatives 

Dissolve or suspend 2 g. of the phenol in 5 ml. pyridine, add 
4 g. ;p-toluenesulphonyl chloride and heat on a water-bath for 15 
minutes. Pour into 50 ml. cold water and stir imtil solid. Wash 
the solid with cold dilute sodium hydroxide and then with cold 
water. Recrystallise from ethyl or methyl alcohol. 

For melting points of derivatives, see page 155. 

BIBLIOGRAPHY 
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745 (1902). 

5. F. D. Chattaway. J.C.S., 85, 1181 (1904). 

6. G. T. MoRQAisr and F. M. G. Micxuethwait. J.C.S,, 89, 1289 (1906). 
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)!)-T0LUIDINE 

CH3 



NH^ 

Mol. Wt. 1071 

Reagent for Carboxylic Acids and Phenanthrene Monosulphonic 

Acids 

The reagent is a white to purple solid, M.Pt., 42-45°. It is 
employed in precisely the same way as aniline for the identification 
of carboxylic acids [1], and reference should be made to the mono¬ 
graph on aniline for the preparation of toluidides. 

For melting points of derivatives of carboxylic acids, ^ee page 110. 

PHENANTHRENE MONOSULPHONIC ACIDS [2] 
Fieser has proposed the reagent for the identification of phen¬ 
anthrene monosulphonic acids. p-Toluidine forms salts with the 
acids; the salts have definite melting points and show a large 
depression of melting point when impure. 

Preparation of Derivatives 

Treat the sodium, potassium or ferrous salt of the phenanthrene 
monosulphonic acid with an excess of p-toluidine in dilute hydro¬ 
chloric acid and add sufficient water to bring into solution at the 
boihng point. The ^^-toluidine salt separates on cooling. 

Melting Points of Derivatives 

Phenanthrene-l-sulphonic acid . - - 267° 

Phenanthrene-2-8ulphonic acid . - - 291° 

Phenanthrene-3-sulphonic acid . - • 222° 

Phenanthrene-9-sulphonic acid - - • 235° 

BIBLIOGRAPHY 
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1:3: 5-TRINITROBENZENE 

NO2 

A 

Mol.Wt. 213*1 

Reagent for Aromatic Hydrocarbons, Primary Aromatic 
Amines, Tertiary Amines, Heterocyclic Compounds, 
Phenols and Aromatic Ethers 

1 : 3 : 5- or si/m-Trinitrobenzene is a pale yellow crystalline solid 
melting at 121*^, easily soluble in hot alcohol but insoluble in 
water. It furnishes addition compounds, some of which are 
unstable, with a wide variety of substances. 

As examples of the unstable addition compounds, aniline and 
0“toluidine form derivatives when the tw o components are warmed 
together in alcoholic solution. A large excess of amine must be 
used as otherwise unchanged trinitrobenzene separates on cooling 
[4J. These bright red derivatives are unstable when (a) recry- 
stallised from alcohol, (b) gently warmed, or (c) left exposed to 
air [1]. For this reason, when the substance has been indicated 
to be a homologue of aniline, the reagent should not be used for 
the preparation of a second derivative. 

The compounds given with the naphthylamines however, are 
stable under all these conditions and may be recrystallised from 
alcohol, benzene, glacial acetic acid, acetone or chloroform. 

The compounds from quinoline and iso-qainoline can only be 
prepared by fusion, as solvents dissociate them. 

An interesting case of selectivity is shown by the fact that 
although derivatives are given by both phenols and amines, no 
such compounds are given by aminophenols. 

Generally speaking, the derivatives crystallise beautifully and 
have brilliant colours; thus the reagent may be warmly recom¬ 
mended for carbazole, naphthalene, anthracene and the condensed 
aromatic hydrocarbons as a whole. The higher aromatic amines, 
whether primary, secondary or tertiary, also give excellent results 
with trinitrobenzene. 
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It should be noted that neither w-aminobenzoic acid nor 
2 ?-nitroaniline give addition compounds. 

Composition of Derivatives 

The majority of the addition compounds are equimolecular but 
in several cases two molecules of the reagent combine with only 
one of the substance (e.g. stilbene, o«dianisidine and dibenzyl). In 
the fluorene compound, three molecules of the reagent are com¬ 
bined with two of fluorene. It is important to realise that phenyl- 
jS-naphthylamine yields two compounds, in which one molecule of 
the amine combines with either one or two molecules of trinitro¬ 
benzene. 

Preparation of Derivatives 

These directions are not suitable for the preparation of addition 
compounds from amines containing only one benzene ring. With 
all other substances yielding derivatives that are stable to hot 
alcohol, the method of preparation is as follows : 

Dissolve a mixture of equal mols of substance and reagent in 
hot alcohol, benzene or glacial acetic acid and allow to cool, 
when crystallisation occurs. Recrystallise from one of the above- 
mentioned solvents and dry the solid in air. 

For melting points of derivatives of 

(a) hydrocarbons, see page 144. 

(b) primary aromatic amines, see page 129. 

(c) tertiary amines, see page 138. 

(d) phenols, see page 155. 

(e) heterocyclic compounds, see page 143. 

(/) aromatic ethers, ^ee page 141. 
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2:4: 5-TRINITROTOLUENE 

CH3 



NO3 


Mol. Wt. 227a 

Reagent for Primary Aliphatic Amines 

2:4: 5-Trinitrotoluene is a pale yellow highly crystalhne solid 
of M.Pt. ca, 104'', readily soluble in hot alcohol and acetone. The 
group in position 5 is readily replaced by reaction with a primary 
amine as follows : 



NO2 NO2 


The dinitro-alkyl-m-toluidines resulting are coloured and well- 
crystallised solids whose melting points show a satisfactory dis¬ 
parity. Only a small amount of the amine is required and aqueous 
solutions of amines give equally good results. 

Preparation of Derivatives 

To a solution of 0*2 g. reagent in 5 ml. hot alcohol add 6 to 8 
drops of amine or the equivalent of an aqueous solution of the 
amine. Separation is immediate and after boiling to redissolve 
the precipitate the solution is allowed to cool. After collection, the 
solid is recrystalised from alcohol to give yellow or orange needles. 
For melting points of derivatives, see page 127. 

BIBLIOGRAPHY 
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XANTHYDROL 

OH 

I 

CH 

Mol. Wt. 1981 

Reagent for Amides, Urethanes, Sulphonamides and Substituted 

Barbituric Acids 

Xanthydrol is a white crystalline solid, M.Pt. 122 124*^, unstable 
in air and best employed for reagent purposes as a 7 per cent. 
wjv solution in glacial acetic acid. This solution is stable for 
several months. 

AMIDES 

Xanthydrol condenses with primary amides and urethanes, 
forming xanthyl derivatives according to the following equation, 
OH NH • CO • R 



f R • CONH 2 



I 

CH 



+ H2O 


diamides such as urea forming bis-xanthyl derivatives. Phthal- 
imide, saccharin and succinimide also condense under these con¬ 
ditions. Derivatives are not, however, given by the following: 
dichloroacetamide, trichloroacetamide, salicylamide, oxamide, 
picramide, guanidine and dicyandiamide [23J. 


Preparation of Derivatives 

Seven ml. of the reagent solution (7 per cent, wjv, see above) are 
mixed with 0*5 g. amide and refluxed for 10-15 minutes, a green 
solution being finally obtained. Water (5 ml.) is added and the 
whole allowed to cool. The resulting crystals are collected and 
recrystallised from aqueous dioxan. The product is washed with 
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a little alcohol and ether and dried at 80°, as there are indications 
that the derivatives are hydrated. 

Both formamide and chloroacetamide condense slowly and 
require refluxing for 30 minutes before dilution. 

Diamides such as urea and biuret condense immediately, the 
derivatives separating from the boiling solutions. Dilution in 
these cases is unnecessary. The derivatives thus formed are very 
insoluble in the usual organic solvents and have melting points 
dependent upon the rate of heating [5, 6J. Owing to the in¬ 
solubility of the urea derivative it has found wide application in 
the determination of urea in urine and blood (references 1 to 20). 

For melting points of derivatives, see page 125. 


SULPHONAMIDES 

Primary sulphonamides condense similarly to amides, thus 


OH NH • SOoAr 



It is curious that branch-chain substituted benzene sulphon¬ 
amides e.g. p-tert-hutyl benzene sulphonamide, yield no conden- 
densation products. No derivative is given by 2:4: 6-triethyl 
benzene sulphonamide although the 2:4: 6-trimethyl compound 
condenses normally. It should be noted that sulphanilamide yields 
a bis-derivative containing a free amino group, i.e. nuclear sub¬ 
stitution also occurs [24]. 


Preparation of Derivatives 

The xanthydrol solution (7 ml.) is diluted to 20 ml. with more 
acetic acid, 0*5 g. sulphonamide added and the whole warmed to 
effect complete solution. This solution is allowed to stand at 
room temperature for 90 minutes when the derivative will have 
separated. 

The solid is collected, reorystaUised from aqueous dioxan, 
washed with a little alcohol and ether and dried in air. 
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Although the derivatives listed show comparatively little 
difiFerence in melting points, mixtures of identically melting com¬ 
pounds show large depressions [24]. 

For melting points of derivatives, see page 161. 


SUBSTITUTED BARBITURIC ACIDS 
Fabre (9) has reported condensation products of xanthydrol and 
disubstituted barbituric acids such as veronal and has repre¬ 
sented the reaction as follows : 



Preparation of Derivatives 

These derivatives are prepared by refluxing equivalent amounts 
of the reactants in acetic acid and allowing to cool. 

Antipyrine, according to Fabre, also yields a condensation 
product, this being the 4-(C-) mono derivative. 

For melting points of derivatives, see page 140. 
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/>-XENYL wo-CYANATE 

(p-Xenyl Carbimide) 

Mol. Wt. 195*2 

Reagent for Alcohols and Phenols 

p-Xenyl ido-cyanate is a white crystalline powder of melting 
point 56°, soluble in petroleum ether, carbon tetrachloride and 
benzene. The reagent should be stored in well-closed containers 
since, by reaction with atmospheric moisture, it is readily con¬ 
verted to di-p-xenyl urea. A proportion of this substance is 
invariably present in the material but, by virtue of its insolubility 
in the solvents employed, it is readily eliminated from the deriva¬ 
tives. By reaction with organic hydroxyl compounds free from 
water, urethanes or carbamates are formed, as in the case of 
phenyl i^o-cyanate, but the xenyl carbamates have considerably 
higher melting points and on this account have been found 
particularly well suited to the investigation of phenolic mixtures 
from low temperature tar [1]. 
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Preparation of Derivatives 

The alcohol or phenol is mixed with a slight excess of j>-xenyl 
i^o-cyanate and heated for an hour at 100°. The derivative 
solidifies on cooling and is recrystallised from benzene or petroleum 
ether (B. Pt. 80-100° or 100-120°), the insoluble di-p-xenyl urea 
being filtered off. 

OTHER APPLICATIONS 

p-Xenyl iso-cyanate has also been investigated for the char¬ 
acterisation of amines (2) but decomposition points only are 
quoted for many of the derivatives. It has also been recommended 
as a reagent for hydrazines (3). 

For melting points of derivatives of 

(а) alcohols, see page 115. 

(б) phenols, see page 155. 
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MELTING POINT TABLES 

The arrangement of the following tables is alphabetical through¬ 
out, and substances are generally named according to their 
derivation rather than by common names such as anthranilic 
acid, which is entered as o-aminobenzoic acid. This arrangement 
tends to bring chemically related substances close to one another. 

Many cases occur where a di and sometimes a tri derivative may 
be formed. The melting point entered in all such cases except 
where otherwise indicated is that of the di or tri derivative. 
Where the mono derivative is the one in question this is indicated 
thus (m). 

Other special cases arise with phenylhydrazine and substituted 
phenylhydrazines where the derivative obtained may be a 
pyrazole. In these and any other such circumstances the melting 
point quoted is that of the derivative which is obtained by the 
procedure described in the text. 

The figures printed in heavy type are those which have been con¬ 
firmed in the Hopkin & Williams Research Laboratories. Those 
in italics are from the same source and are either for melting 
points not previously recorded, or represent values which differ 
by more than 4^^ from those found in the literature. All such 
values have been obtained on derivatives recrystallised to con¬ 
stant melting point and prepared from substances of known 
purity. The identity of the derivatives has not been established 
by analysis, but the melting points serve the present purpose in 
that they refer to whatever derivative is obtained as a product of 
the procedure described in the text. 
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ACIDS, CARBOXYLIC 




Aniline 

p-Bromophenacyl 

bromide 

epiuiojq 

IiCzTieqoj(^i^-d 

Phenacyl 

bromide 

o 

1 

Acetic - - - - 


112 

85 

78 

40 

153 

0 - Acetylaminobonzoi c 

- 

— 

— 

91 

— 

— 

m-Acetyl aininobenzoic - 

- 

— 

— 

170 

— 

— 

p-Acetylaminobenzoic 

- 

— 

— 

— 

— 

— 

o-Acetylhydroxybenzoic - 

- 

-- 

— 

91 

113 

— 

m-Acetylhydroxybenzoic 

* 

— 

— 

140 

— 

— 

^-Acetylhydroxybenzoic - 


— 

— 

— 

— 

— 

A coni tic - - . . 

- 

— 

186 


90 

_ 

Adipic - - - - 

- 

238 

165 

106 

88 

241 

Allylmalonic - 

- 

— 

— 

46 

— 

— 

o-Aininobonzoic 


_ 

_ 

1 

205 

182 

161 

m-Aniinobonzoic 

. 

140 

— 

200 

— 

— 

p - Aminobenzoic 

- 

— 

— 

>250 

— 

— 

a - Amino bu tyric 

- 

— 

— 

223 

— 

— 

p-Anisic - - - - 

• 

169 

162 

132 

134 

186 

Antlii'anilic see o-Aminobenzoic 
Arachidic . _ . _ 


89 


86 


Asparaginic - - . 

- 

— 

— 

— 

Gum 

— 

Azelaic - - - . 

- 

187 

131 

44 

70 

200 

Benzilic - . - - 



162 

100 

126 


Benzoic - - - - 

- 

164 

119 

89 

119 

168 

Bonzylmalonic 

- 

— 

— 

120 

— 

— 

Bromoacetic - 

- 

— 

— 

89 

— 

— 

o-Bromobenzoic 

- 

___ 

102 

no 

83 

— 

m-Bromobenzoic 


_ 

126 

105 

113 

_ 

p-Bromobenzoic 

- 

— 

134 

140 

87 

— 

Bromosuccinic 

- 

— 

— 

147 

— 

— 

n-Butyric 

- 

96 

63 

36 

Oil' 

76 

iw-Butyric 

- 

106 

77 

Oil 

— 

107 

Camphoric - - - 

- 

226 

— 

67 

— 

— 
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ACIDS, CARBOXYLIC (cont.) 





Aniline 

p - Bromophenacy 1 
bromide 

p-Nitrobenzyl 

bromide 

Phenaeyl 

bromide 

<s> 

.3 

TJ 

2 

Capric see Decanoic 
Caproic see Hexoic 
Caprylic see Octoic 
Chloroacetic - 



137 

106 




o-Chlorobenzoic 

- 

- 

118 

106 

106 

83 

— 

m-Chlorobenzoic 


_ 

124 

117 

107 

116 


p-Chlorobonzoic 

- 

- 

194 

126 

130 

87 

— 

Ciniiamic 

- 

- 

161 

— 

117 

141 

168 

Citraconic 

- 

- 

176 

— 

— 

109 

— 

Citric 

- 

- 

192 

148 

102 

104 

189 

o-Co\iinaric 

> 


— 

— 

— 

— 

— 

o-Cresotic 

- 

- 

— 

— 

— 

139 

i _ 

m-Cresotic 

- 

- 

— 

— 

— 

117 

— 

jo-Cresotic 

- 

- 

— 

— 

'— 

146 

— 

Decanoic 



70 

66 

Oil 


78 

Dibromosuccinic 

- 

- 

— 

— 

168 

— 

— 

4 : 6-Dichlorophthalic 

- 

- 


— 

180 

—, 

— 

Diethylmalonic 

- 

- 

— 

— 

91 

— 

— 

2 : 4-Dihydroxybeiizoic 

- 

- 

127 

— 

— 

— 

— 

Dimethylmalonic - 

. 

- 

— 

— 

84 


— 

2 : 4-Dmitrobenzoic 

- 

- 

— 

— 

142 

— 

— 

3 : 5-Dmitrobenzoic 

- 

- 

— 

— 

157 

— 

— 

Erucic - - - 



55 

61 




Ethyl glycollic 

- 

- 

— 

105 

— 

— 

— 

Ethylmalonic - 

- 

” 

— 

— 

75 

— 

— 

Forrnic - - - 



50 

140 

31 

Oil 

63 

Fxunaric 

- 

- 

314 

— 

161 

198 

— 

Furoic - 



124 

139 

134 


108 
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ACIDS, CARBOXYLIC (cont.) 




Aniline 

j3-Bromophenacyl 

bromide 

§ ® 

I'g 
••§ £ 

R, 

Phenacyl 

bromide 

1 

3 

H 

Gallic - . . . 


207 

_ 

__ 

Gum 

— 

Glutaric . - - - 

- 

224 

137 

69 

104 

218 

Glycollic 

- 

— 

138 

107 

— 

143 

n-Heptoic 


65 

72 


Oil 

80 

n-Hexoic 

- 

92 

72 

— 

— 

73 

Hippuric 


— 

151 

136 

— 

— 

Hydrocinriainic see ^-Phenyl- 
propionic 

0 -Hydroxybt^nzoic - 

135 

140 

_ 

110 

— 

m-Hydroxybenzoic - 

. 

156 

168 

— 

146 

163 

jo-Hydroxybenzoic - 

- 

197 

184 

— 

178 

204 

a-Hydroxy-i^o-butyric - 

- 

136 

— 

— 

— 

133 

2-Hydroxy-3-naphthoic - 

- 

249 

— 

— 

— 

222 

o-Iodobonzoic 



110 

Ill 

71 


m-Iodobenzoic 

- 

— 

128 

121 

116 

— 

jo-Iodobenzoic 

- 

i — 

146 

141 

lOld. 

— 

5 -Todo - 2 -hy droxybenzoic 

- 

— 


— 

— 

— 

Itaconic - - - - 


— 

117 

91 

80 

— 

Lactic . - - - 


59 

113 

Oil 

96 

107 

LsBvnlinic 

- 

102 

84 

61 

— 

109 

Laurie - - - - 

- 

78 

76. 

1 

49 

i 87 

Leucin - - - - 

- 

— 

— 

185 

— 


Lignoceric 

- 

— 

91 

— 

88 


Maleic - - - - 


187 


89 

119 


Malic . - - . 

- 

197 

179 

124 

106 

207 

Malonic - - - - 

- 

225 

Oil 

86 

Oil 

— 

Mandelic 

“ 

— 

— 

'— 

85 

— 
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ACIDS, CARBOXYLIC (cont.) 



Aniline 

p-Bromophenacyl 

bromide 

|i 

11 

Phenacyl 

bromide 

1 

1 

& 

Margaric 

- 

. 

— 

78 

49 

60 

__ 

Methylethylmalonic 

- 

. 

— 

— 

66 


— 

Mucic - . - 

• 

- 

— 

— 

>310 

— 

_ 

Myristic - - - 

- 

- 

84 

81 

1 

— 

56 

93 

o-Nitrobenzoic 



155 

aoi 

112 

125 


m-Nitrobenzoic 

- 

- 

154 

137 

142 

106 

162 

p-Nitrobenzoio 

- 

. 

211 

134 

169 

128 

203 

o-Nitrociimamic 

- 

. 

— 

142 

132 

126 

— 

m-Nitrocinnamic 

- 

- 


178 

174 

146 

—- 

^-Ni trocinnamio 



_ 

191 

187 

146 

. 

3-Nitrophthalic 

- 

- 

— 

— 

190 

— 

— 

n-Nonic see Pdargonic 








n-Octoic 



55 

66 

Oil 


70 

Oleic ... 

- 

- 

41 

46 


Oil 

43 

Oxalic ... 

- 

" 

246 

242d. 

204 

Nil 

268 

Palmitic 



89 

84 

43 

58 

98 

Pelargonic - - * 


- 

57 

69 

Oil 

— 

84 

n-Pentadecanoic 



78 

77 

40 

54 

— 

Phenylacetic - 



118 

89 

65 

— 

136 

Phenylalanine 



— 

— 

222 

— 

— 

Phenylpropiolic 



128 

— 

83 

_ 

142 

jS-Phenylpropionic - 



96 

104 

36 

42 

135 

Phthalic 



— 

153 

156 

155 

— 

i^o-Phthalio - 



— 

179 

264 

191 

— 

fere-Phthalio - 



— 

225 

164 

192 

— 

Pimelic - - - 



156 

137 


73 

206 

Piperic - - - 



— 

— 

145 

— 

— 

Propionic 

* 

- 

106 

69 

31 

— 

126 

t^-Propylmalonio - 

* 

* 

— 


81 

— 

— 
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ACIDS, CARBOXYLIC (cont.) 




s "S 

PQ 

l| 

li 

Fhenacyl 

bromide 

1 

& 

Pyromucic see Fwroic 
Pyrotartaric - - - » 

— 1 

— 

— 

102 

— 

Racemic see 61-Tartaric 


1 

1 

i 




Saccharic .... 






Salicylic see o-Hydroxybemoic - 
Sebacic - ... - 

200 

147 

73 

81 

201 

Sorbic. 

163 

129 

— 

— 

— 

Stearic. 

94 

90 

— 

69 

102 

Suberic - - - . - 

187 

144 

86 

103 

219 

Succinic - - - - - 

228 

211 

88 

148 

266 

fii-Tartaric - - ^ - 



148 



d-Tartaric . - - . 

1 — 

— 

163 

130 

— 

ThioglycoUic . - - - 

1 

— 

— 

— 

— 

o-Toluic. 

125 

67 

91 

76 

144 

m-Toluic 

126 

108 

87 

_ 

118 

jp-Toluic. 

1 144 

163 

104 

103 

160 

n-Tridecanoic - - . - 

80 

75 

— 

46 

88 

n-Undecamoic - - . - 

71 

68 



80 

Uric. 

1 

— 

>306 

— 

— 

n-Valeric - - . - 

63 




74 

i«o-Valeric - . - . 

110 

68 

Oil 

— 

107 

Vanillic - ... 



141 


1 

1 




ALCOHOLS 
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109 

106 

1 

j 

144 

111 

113 

©(j^ttbAo-oot 

lAnoq^i 

OQOkAO COOO*-<<N 0^ '<& 

COOOCD^ t-COOOO CO CO IT- 

rH 

©pijrpAquB 

on«qiqdoj';T^-e 

147 

183 

131 

122 

160 

123 

124 

OC^BUbAO'OM 

[Auoqdojc^t^-cP 

96 

80 

75 

118 

205 

117 

117 

epuomo 

1 Aozuoqoj'ji - d 

35 

35 

26 

116 

j 

52 

190 

78 

50 

30 

45 

9%'ewaA.o-09t 

|Aqi>qd«j^-i 

72 

100 

98 

101 

82 

160 

114 

128 

118 

71 

80 

otnuiBiAq'jqd'Bj^-r 
ptiB 9puo[qo 
XAozii9qoj:^tTiiQ;-9: g 

93 

106 

144 

126 

_ 

50 

9puo[q9 ^Aozuoq 
-oj(^nn(I-g: g 

62 

88 

76 

142 

66 

121 

113 

57 

60 


n-Butyl alcohol. 

iso-Butyl cdcohoi. 

fi6C-Butyl alcohol. 

<ert-Butyl alcohol. 

Capryl alcohol see sec-Octyl alcohol 

Cetyl alcohol. 

Cholesterol ------- 

Ciimamyl alcohol ------ 

Cyclohexanol. 

Cyolopentanol. 

n-Decyl cdcohol. 

Diphenyl carbinol see Benzhydrol 

n-Dodecyl alcohol. 
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[Au9X”^ 

127 

115 

ilo 

oc^utraAo-ofi^® 

|Auei{j 

47 

79 

79 

92 

105 

88 

94 

119 

125 

71 

62 

76 

74 

oa 

epupXqiTB 

ojiwi'iiidoj'H^-e 

153* 

i _ 

123 

125 

119 

128 

[Aueqdoa'^ij^-cf 

180 

104 

115 

111 

Oil 

epIIO|T{3 

lAozu^oi(jT^-cf 

96 

i 56 

65 

I 66 

i 58 

94 

67 

Liquid 

28 

0^'BUUAO-Offt 

124 

116 

157 

66 

63 

GUpDtrB|Aq;L[d«^-7p 
pira 0puo[qo 

liCozu0qoj'iniia-9 • g 

SIMM Mill! 1 

opuojqo [Aozueq 
-oj-puia-g; g 

109 

99 

115 

92 

98 

134 

140 

52 

62 

32 



I . 1 . 


>>'S ^ ^ ^ 




Anhydrous 
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ALDEHYDES 
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9ptz9qj«oimd8 
-OITCII* * 

146 

160 

GpuojqooapiCq 

otnzGjpi^qiAtioqd 

-ouBiCooixix-d 

135 

127 

160 

125 

149 

0pLiO|qoojp-^q 

epizcqjBonneg 

163 

171 

194 

>280 

173 

ca. 227 
205 

104 

125 

228 

231 

epiz«qjBonneB 

-lAueqa-t 

151 

• 

135 

133 

©inzGjpiCq 

-lAtratia 

63 

221 

162 

175 

158 
141 . 

Oil 

86 

134 

127 

ouiZBjpiCqjituoqd 

128 

151 

110 

219 
226 

192 

220 

91 

130 

249 

216 

239 

0pTJO[qoojpiCq 

otirari9[iCxojpiCH 

47 

132 

88 

124 

35(a) 

enTZGjp^xqifueqd 
-oic^Tuid-f: z 

168 

165 

237 

126 

182 

206 

Dimedone 

GpilpiCquy 

174 

163 

200 

225 


140 

192 

147 

195 

134 

205 


Acetaldehyde ------ 

Acrolein ------- 

Aldol. 

o-Aminobenzaldehyde - - - . 

m-Aminobenzaldehyde . - . - 

^-Aminobenzaldehyde - - - . 

Anisaldehyde aee p-Methoxybenzaldehyde 

Benzaldehyde. 

«i-Bromobenzaldehyde - - . - 

n-Butyraldehyde. 

i»o-Butyraldehyde. 

o-Chlorobenzaldehyde - . - . 

w-Chlorobenzaldehyde - - - . 

p-Chlorobenzaldehyde 
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0pIZ1KlJ19Oim9B 

11 III II III 

epuofqoojpXq 

euimq)iCq{Xiioqd 

-oureiooiqx-d 

167 

154 

147 

129 

207 

171 

0pTJO[qoojp-/Cq 

0piz‘Bqjreoiui0g 

199 

224 

206 

226 

226 

216d. 

210 

222 

245 

256 

epizQqzeoimaB 

-lAuaqa-f 

II III 1 ^ III 

euiz'BjpvCq 

-lAnoqj 

130 

177 

79 
155 
121 

121 

80 
206 
153 

0Uiz«jpiCq|iCu0qd 

-oa'^i^-cP 

222 

266 

.213 

201 

205 

161 

237 

230 
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00 I 00 CO 1 (N 1 00 to CO 

00 1 O CO 1 Oi \ 0 & lO o 

rH rH 
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-OJ^nitd-f.: z 

260 

280 

263 

253 

270 

Dimedone 

^ epup^quy 

1 1 1 1 15 III 

<N 

-- 

189 

143 


• f III II 1 • ( 

. 1 . 
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00 kc: 
o i> »o 


<D rS 




r 'O ^ 

r> CD »Ti ^ 

-S 3 2 


1II.II1 

^ggagl 

S ^ o S ^ 


in 

fiifiS 


® >§ 2 2 

l||| 

111® 

6 S i,<N 


n-Valeraldehyde. 106 — 98 62 — — 126 — — 65 

i»o-Valeraldehyde. 166 178 123 48 110 Oil — 132 — 63 

Vanillin. 197 228 271 117 229 105 — 240d. 122 197 






124 


OBOAKIO BBAOBKTS BOB OBOANIO ANALYSIS 


ALKALOIDS 








Picric acid 

Styphnic acid 

Aconitine 






166 

120 

Atropine 

- 

- 

- 

- 

- 

176 

180 

Brucine 

- 

- 

- 

- 

- 

280 

266 

Caffeine - 






145 

199 

Cinchonidine 

- 

- 

- 

- 


209 

— 

Cinchonine 

- 

- 

- 

- 


194 

106 

Cocaine - 

- 

- 

- 

- 


155 

187 

Codeine 

- 

- 

- 

. 


197 

115 

Coniine - 

- 

- 

- 

- 


75 

— 

Dionine - 

- 

- 

- 

- 


— 

155 

Heroine - 






205 

222 

Hyoscine 

- 


- 

- 


188 

! — 

Hyoscyamine 

- 

- 

- 

- ' 


165 

— 

Morphine 

- 

- 

- 

- 


228 

189 

Narceine 






195 

_ 

Narcotine 

- 

- 

- 

- 


141 

— 

Nicotine - 

- 

- 

- 

- 


218 

190 

Papaverine 

. 





_ 

_ 

Pilocarpine 

- 

- 

- 

- 


147 

183 

Piperine • 

- 

- 

- 

- 


— 

— 

Quinidine 




_ 


_ 

149 

Quinine - 

- 

- 

- 

- 


132 

154 

Scopolamine 


. 


. 


174 

_ 

Sparteine 

- 

- 


- 


206 

— 

Strychnine 

- 

- 

- 

- 


286 

266 

Theobromine 

- 

- 

- 

- 

- 

— 

1 chars 
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AMIDES 



Xanthydrol 

Acetamide - 






245 

^ 0 -Amyl carbamate 

- 

- 

- 

- 

* 

145 

Benzamide - 






224 

Biuret 

- 

- 

- 

- 

- 

— 

itfo-Butyl carbamate 

- 

- 

- 

- 

. 

148 

n-Butyramide 

- 

. 

- 

- 

- 

186 

^o-Butyramide - 

• 


• 

• 

* 

211 

Chloroacetamide - 


. 

. 


. 

209 

Cyanoacetamide - 

- 

- 

- 

- 

- 

223 

Dichloroacetetmide 




. 

. 

Nil 

Dicyandiamide - 

- 

• 

- 

- 

- 

Nil 

owt^m-Dimethyl urea 

- 

- 

- 

- 

- 

226 

cwt/m-Diphenyl urea 

• 

• 

• 

* 

• 

180 

Ethyl carbamate 

- 

- 

- 

• 

- 

169 

Formamide 


. 

. 

. 

.: 

184 

Furoamide - 

- 

- 

- 

- 

- ! 

210 

n-Heptamide 






154 

n-Hexamide 

- 

- 

- 

- 

- 

160 

^-Hexamide 

- 

- 

- 

- 

- 

160 

Malonamide 
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Methyl carbamate 

• 

• 

• 

- 


193 

Methyl urea 






230 
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JO-Ni trobonzamide 


n-Octamide 

Oxamide 


Palmitamide 
Phenylacetamido 
9 c-Phenyl butyramide - 
^-Phenyl propionamide 
Phenyl urea 

Phthalimide 

Propionamide 


Salicylamide 
Stearamide - 
Succinamide 
Succinimide 


o-Toluamide 
p-Toluamide 
o-Tolyl urea 
p-Tolyl urea 
Trichloroacetamide 


Urea - - - - - 

Urethane see Ethyl carbamate 


n-ValerajGa|de 

iso-Valeramide 


167 

183 
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5-Aimno-2-naphthol - - - . 

7- Amino-2-naphthol - - - - 

8- Amino-2-naphthol - - - - 

o-Aminophenol - - - - - 

m-Aminophenol . - - . 

p-Aminophenol - . - . 

2-AininopyTidine - . - - 

2- Aininoquinoline - - - - 

3- Aininoquinoline - - - . 

4- Aminoqmnoline . - - . 

5- Aiiiinoquinoline - - - - 

6- Aminoquinoline - - - . 

7- Aininoquinoline - - - - 

8- Aimnoquinoline - - - . 

Aniline ------ 

Anisidine see Methoocyaniline 
Anthranilic acid see o-Aminohenzoic ctcid \ 
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1 : 6-Dibromo-2-naphthylamine 

2: 4-Dichloroaiiiline - - . . 

Diethyl-p-phenylenediamine see 

p-Aminodiethylaniline 
Dimethyl-p-phenylenediaaiune ffee 

'p-Aminodimethylaniline 

2: 4-Dinitroaniline - - . - 

o-Ethoxyaniline - - . . 

w-Ethoxyaniline - . - - 

p-Ethoxyaniline - - - . 

o-Iodoaniline - - . - . 

m-Iodoaniline. 

p-Iodoaniline ----- 

Mesidine. 
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3-Nitro-p-toluidine - - - - 

Fhenetidine see EthoxyanUine 
o-Phenylenediamine - - - - 

m-Phenylenediamine 
^-Phenylenediamine - - - . 

ar-Tetrahydro-a-naphthylamine ' - 
ar-Tetrahydro-/S-naph thy lamine 

o-Tolidine. 

o-Toluidin© 

m-Toluidine 

^-Toluidin© ----- 

m-Toiyienediamine - - . - 

p-Tolylenediamine - - - - 

2:4:6-Tribromoaniline - 
2:4: 6-Trichloroaniline 
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Diphenylamine. 101 122 180 — 74 — — — 182 

Di-n-propylamine.— — — — — 93 161130 75 

Di-iffo-propylamine - - - - - — — — — — — — — 140 
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AMINES, TERTIARY 



Methyl iodide 

Picric acid 

Styphnic €icid 

1:3:5- 

Trinitrobenzene 

Acridine - - - - 



224 

_ 

_ 

115 

2 - Aminoquinoline 

- 

- 

247 

256 

— 

186 

4-Aminoquinoline 

- 

- 

224 

274 

— 

— 

6-Aminoquinoline 

* 

- 

199 

— 

239 

— 

Benzylcthylanilino 


. 

161 

Ill 

_ 

_ 

Benzylmethylaniline - 

- 

- 

164 

127 

— 

— 

Dibenzylaniline - 


. 

135 

131 

__ 

__ 

Diethylaniline - - - 


- 

102 

142 

— 

42 

Diethyl a-naphthylamine - 

- 

- 

— 

— 

— 

95 

Diethyl ^-naphthylamino - 

- 

- 

— 

— 

— 

116 

Diethyl o-toluidine 

- 

- 

224 


— 

— 

Diethyl p-toluidino 


_ 

184 

_ 

_ 

_ 

p-Dimethylaminobenzaldehyde 

- 

- 

_ 


— 

91 

Dimethylaniline - 

- 

- 

228 

162 

— 

109 

Dimethyl a-naphthylamine 

- 

- 

— 

145 

— 

106 

Dimethyl j8-naphthylamine 

- 

- 

— 

200 

— 

— 

Dimethyl o-toluidine - 



— 

122 

_ 

_ 

Dimethyl m-toluidine - 

- 

- 

177 

— 

— 

— 

Dimethyl p-toluidine - 

- 

- 

220 

130 

— 

124 

8-Hydroxyqiiinoline - 

- 

- 

143 

204 

193 

— 

2 : 3-Lutidine 




184 



2 : 4-Lutidine 

- 

. 

— 

179 

— 

— 

2 : 5-Lutidine 


- 

— 

165 

— 

— 

2 : 6-Lutidine 

- 

- 

238 

161 

— 

—^ 

3 : 4-Lutidine - . , 

- 

- 

— 

163 

— 

-_ 

3 : 5-Lutidine 

- 

- 

•— 

229 

•— 


Methylethylaniline 

. 

. 

125 

134 

_ 

_ 
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AMINES, TERTIARY (cont.) 



j Methyl iodide 

1 

Picric acid 

1 

Ti 

§ 

o 

I 

& 

1 1:3:6- 

j Trinitrobenzene 

2-Methylquinolino 

- 

195 

191 

213 

— 

3-Methylqninoliiio - . - 

- 

221 

j 187 

— 

— 

4-Methyl(juinolirio 

- 

174 

1 212 


—- 

5-Methylquinoline 

- 

105 

213 

— 

— 

6-Mo thyl q uinoline 


219 

229 

201 

— 

7-Methylquiiioline 

- 


237 

- 


8-Me^thyl(jiiinolino - - . 

* 

— 

200 

218 


a-Naphthoquinolino - 


179 

192 1 

_ _ 

134 

/8-Naphth()quinolino . - - 


205 

259 


112 

a-Picolino - - - - - 

. 

230 

169 

180 

_ 

/3-Picoline - - - - - 

- 

~ 

150 

153 

— 

y-Picolino . - - - - 

- 

152 

167 

- 

— 

Pyridine - - - - - 

- 

117 

167 

185 


Quinaldim* see 2-Methylqiiinoline 






Quinoline - - - - - 

- 

72 

203 

207 

— 

?^o-Qumoline - - - - 

■ 

159 

222 



To tramethy 1 - p -phony lenediamine 


- 

— 

— 

142 

Tri-n-amylamine 

- 

— 

■—• 

— 


Tribenzylamino - - - - 

- 

184 

190 

~ 

— 

Tri-n-biitylarnino - . - 

- 

180 

— 

■■ - 

— 

Triethanolamine 

- 

- - 

— 

— 


Triethylamine . - - - 

- 

— 

173 

•— 

—- 

Trimethyl amine - - - - 


230 

216 

—. 

— 

Tri-?i-propylamine - - - 

- 

“ 

117 

— 

— 

2:4: 6-Trimothylpyridino - 

- 

-- 

156 

— 

— 

2:3: 6-Trimethylpyridine - 

- 

— 

143 

— 


2:4: 5-Trimothylpyridine - 

- 

- 

131 

— 

— 
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ORGANIC REAGENTS FOR ORGANIC ANAIiYJSIS 


BARBITURIC ACIDS 



II 

! 

K 

6-Allyl-5-n-butyl barbituric acid . - - - - 

169 

240 

5-Allyl-6-ethyl barbituric acid . . . - . 

196 

242 

5-AlJyl-5-ph63nyl barbituric acid ----- 

162 

223 

5-Allyl-5-i«o-propyl barbituric acid _ - - - 

192 

227 

5-Amyl-6-ethyl barbituric acid ----- 

131 

— 

5-MO-Amyl-5-ethyl barbituric acid (Amytal) - - - 

138 

251 

6-Bromopropoiiyl-5-5ec-butyl barbituric acid 

192 

— 

5-Bromopropenyl-5-MO-propyl barbituric acid (Noctal) - 

201 

— 

5-n-Butyl barbituric acid ------ 

180 

— 

5-n-Butyl-5-ethyl barbituric acid (Nconal) - - - 

146 

250 

5-MO-Butyl-5-othyl barbituric acid - . - - 

— 

260 

5-Cyclohexenyl-5-othyl barbituric acid (Phanodorm) 

199 

267 

5 : 6-Diallyl barbituric acid (Dial) - - - . 

190 

243 

5 : 5-Diethyl barbituric acid (Veronal) - - - - 

194 

246 

1 : 3-Diphenyl-5-ethyl barbituric acid - - - - 

218 

! Nil 

6 : 5-Di-n-propyl barbituric acid - - - - - 

182 

269 

5-Ethyl barbituric acid ------ 

214 

_ 

5-Ethyl-5-phenyl barbituric acid (Luminal) - 

182 

219 

5-Ethyl-5-i«0'propyl barbituric acid - - - - 

160 

— 

6-Methyl barbituric acid ------ 

208 

_ 

l-Methyl-5-cyclohexenyl-5-methyl barbituric acid 



(Epivan) 

116 

— 

3-Methyl-5 : 5-diethyl barbituric acid (iV-Methyl veronal) 

104 

— 

l-Methyl-5-ethyl-5-phenyl barbituric acid (Prominal) - 

116 

— 

5-Methyl-6-hoxyl barbituric acid ----- 

139 

— 

6-Methyl-5-phenyl barbituric acid - - - - 

197 

282 

3-Phenyl-5 ; 5-diethyl barbituric acid (iV-Phenyl veronal) 

133 

— 

6-Mo-Propyl barbituric acid ------ 

187 

208 

3:6: 6-Triethyl barbituric acid (A^-Ethyl veronal) 

69 

— 
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ETHERS 





Picric acid 

<D 

. « 
iO g 

CO 'p 

^^o-Amyl a-naphthyl ether 

- 

- 

96 

— 

^ 0 -Amyl )3-naphthyl ether 

- 

- 

94 

— 

Anisole - - - - 

* 


81 

— 

n-Butyl a-naphthyl other 



85 

_ 

n-Biityl j8-naphthyl ether 


- 

67 

-- 

wo-Butyl a-naphthyl ether 


- 

105 

— 

i^o-Butyl ^-naphthyl ether 


- 

84 

— 

fieo-Butyl a-naphthyl ether 


- 

101 

— 

«ec-Butyl /S-naphthyl ether 



86 

— 

Dibenzyl ether 

. 

. 

78 

_ 

Diphenyl ether 

• 

- 

110 

— 

Ethyl a-naphthyl ether - 



119 

126 

Ethyl y?-naphthyl ether - 

• 

" 

101 

95 

o-Methyl anisole 

. 

. 

119 

_ 

m-Methyl anisole 

- 

- 

114 


p-Methyl anisole 

- 

- 

89 

— 

Methyl a-naphthyl ether - 

- 

- 

! 130 

138 

Methyl /S-naphthyl ether - 

• * 

“ 

117 

> 94 

1 

Phenetole ... 



92 

_ 

n-Propyl a-naphthyl ether 

- 


99 

— 

n-Propyl j5-naphthyl ether 

- 


81 

— 

ttfo-Propyl a-naphthyl ether 

- 


105 

— 

tso-Propyl jS-naphthyl ether 

“ 


95 


Safrole - - - - 



105 

51 

„ .. i^o-Safrole 



75 

86 
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HALIDES 

The anilidori and a-riaphthalides included in this table are those which 
have actually been prepared from the halides and iso-cyanates, but other 
anilides will be foimd in the carboxylic acid table (p. 110). 



A a 

ts 

1 

8-2 

C oj 
£ >> 
P-l O 

Allyl .... 

- 

- 

— 

114* 

rj-Aniyl - - . - 

- 

- 

— 

92 

Amyl (2-methyl-n-butyl) 

- 

- 

— 

88 

^o-Ainyl 

- 

- 

Ill 

no 

5ec-Aniyl (l-rnethyl-n-butyl) 

- 

- 

103 

87 

sec-Amyl (1-ethyl-n-propyl) 

- 

- 

117 

126 

tert-Amyl 

- 

- 

138 

91 

Benzyl - . - . 

- 

. 

166 

117 

n-Butyl ... - 

- 

- 

109 

63 

iso-Butyl 

- 

. 

126 

no 

sec-Butyl . - . 

- 

- 

129 

107 

<er^-Butyl 

- 

- 

147 

130 

p-Chlorobenzy 1 


> 

_ j 

166 

Cyclohexyl - . . 

- 

- 

188 

146 

Ethyl - . . - 

- 

- 

126 

104 

n-Heptyl 

- 


— 

65 

n-Hoxyl - - - - 

- 

- 

,— 

65 

2-n-Hexyl 

- 

- 

— 

92 

Methyl - - - - 

- 

- 

160 

113 

a-Naphthyl (see also p. 144) 

- 

- 

236 

— 

d^-2-Octyl - - - 



— 

73 

d-2-Octyl - - - 

- 

- 

— 

73 

Phenyl . - - . 


. 

161 

— 

n-Propyl 

- 

- 

— 

96 

iso-Propyl - - - 

- 

- 

— 

104 

Styryl .... 

- 

- 

217 

— 

p-Tolyl - - - - 

- 

- 

173 

— 


♦ The anilide of crotonic acid, not of vinylacetic acid, is obtained from 
allyl halides. 
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HETEROCYCLIC COMPOUNDS 


Antipyrin63 . - . . 

Carbazole - - . - 

Coumarone . - - - 

Diphenylene oxide - - - 

Indole see p. 137 

1 -Phenyl - 3 -methyl pyrazolone- 6 
1-Phenyl pyrazolone-S 

Skatole see p. 137 




200 

104 

96 


92 

198 
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HYDROCARBONS, AROMATIC 



Fhtbalic 

anhydride 

Picric acid 

Styphnic acid 

1:3:6- 

Trinitrobenzene 

Acenaphthene 

- 

- 

199 

161 

154 

188 

Acenaphthylene - 

- 

- 

— 

201 

■— 

221 

Anthracene . - . 


- 

— 

138 

180 

164 

Benzene - - * - 



128 



_ 

a-Benzyl naphthalene 


- 

— 

101 

134 

— 

Benzyl naphthalene 


- 

— 

93 

— 

— 

a-Bromonaphthalene - 


- 

— 

134 

118 

137 

n-Butyl benzene 


* 

99 


— 


a-Chloronaphthalene - 



. 

137 

128 

_ 

Chrysene - - - - 

- 


214 

273 

— 

186 

Cumene - - - • 

- 


133 

— 

— 

— 

jDseM(io-Cumeno - 

- 


— 

— 

— 

— 

p-Cymene - - - - 

• 


124 

— 

— 

— 

Dibenzyl - - - . 



_ 

Nil 

Nil 

102 

1 : 6-Dimethyl naphthalene 

- 

- 

— 

114 

— 

— 

1 : 7-Dimethyl naphthalene 

- 

- 

— 

121 

— 

— 

2 : 3-Dimethyl naphthalene 

- 

- 

— 

124 

— 

— 

2 : 6-Dimethyl naphthalene 

- 

- 

— 

143 

— 

— 

2 : 7-Dimethyl naphthalene 

- 

- 

— 

136 

— 

— 

Diphenyl - - - - 

- 

- 

225 

Nil 

Nil 

— 

Diphenyl acetylene 

- 

- 

_ 

111 

— 

96 

Durene . - - - 

• 

- 

264 

— 

— 


Ethyl benzene - 

.. 

. 

128 

_ 


_ 

a-Ethyl naphthalene - 

- 

- 

— 

98 

— 

— 

j3-Ethyl naphthalene - 

• 

• 

— 

71 

— 

— 

Fluoranthene - - - 

. 


_ 

189 

151 

207 

Fluorene - - - . 


■ 

228 

84 

134 

105 
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HYDROCARBONS, AROMATIC (coiit.) 



Phthalic 

anhydride 

Picric acid 

Styphnic 4cid 

1:3:5- 

Trinitrobenzene * 

Hemimellitene - 

_ 

_ 


— 

— 

—. 

— 

Hexamethyl benzene - 

- 

- 

- 

— 

170 

— 

174 

Indene - . . 

- 

- 

- 

— 

96 

— 

101 

Mesitylen© - - - 




212 

— 

— 

_ 

a-Methyl naphthalene 

- 

- 

- 

— 

141 

— 

— 

jS-Methyl naphthalene 

- 

- 

• 

— 

115 

— 

123 

Naphthacene 




— 

_ 

— 

— 

Naphthalene 

- 

- 

- 

173 

150 

168 

153 

Naphthanthracene 

- 

- 

- 

— 

133 

— 

— 

Pentainethyl benzene - 

_ 


_ ' 

_ 

131 

— 

121 

Phenanthrene 

- 

- 

- 

— 

143 

142 

164 

Picene 

- 

- 

- 

— 

— 

— 

— 

Prehnitene - 

- 

- 

- 

— 

90 

— 

— 

n-Propyl benzene 

- 

• 

- 

126 

— 

— 

— 

Propyl benzene ^ee Otwiene 







Pyrene 

- 

- 

- 

— 

227 

— 

245 

Retene . . . 

- 

- 

- 

— 

123 

141 

139 

Stilbene 

. 


. 

_ 

_ 

142 

120 

Styrene 

- 

- 

• 

— 

— 

— 

— 

Tetralin 




154 

_ 

_ 

_ 

Toluene - ", * 

- 

- 

- 

188 

— 

— 

— 

o-Xylene 




129d 

_ 

_ 

j_ 

m-Xylene - 


- 

- 

126 

— 

— 

— 

p-Xylene - 




132 





K 
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9pizBqj*eoTnx9S 

179 

108 

148 

epuofqdoipAq 

enizvjpAqiAndqd 

-btreAooiqX"^ 

211 

129 

109 

166 

167 

epuoiqoojpAq 

epiz'eqxBonndg 

188 

198 

186 

244d. 

206d. 

166 

237 

162 

epizoqjBoioies 

-liSneqa-t 

1 1 1 1 1 1 1 1 1 1 1 II II 

Gtiiz'ejpAq 

136 

42 

105 

156 

118 

225 

106 
138 

126 

233 

110 

enizBjpAq|Au0qd 

264 

148 

184 

166 

290 

154 

101 

217 

174 

©puojqooapAq 

etmirB[i^oj[pAg; 

OiO'<#<C3iOi| II QOO<I 

(©coookO'^J 11 i-Ht- 

^r-<cH tl-H pH 

9mz'BjpAqiAa9qd 
-bj(^nna-t: g 

126 

257 

249 

209 

227 

244 

189 
246 
238 

151 

230 

177 

190 

0pAq0p|«zii0g 

126 

112 

68 

Oil (m) 

112 

Nil 

99(m) 

98 


2-Aceto-l-naphthol . . . . 

Acetone. 

Acetonyl acetone. 

Acetophenone - - - . . 

Acetyl acetone. 

p-Aminoacetophenon© - - - . 

Benzal acetone. 

Benzcd acetophenone - - . . 

Benzil. 

Benzoin ------ 

Benzophenone - - - . . 

Benzoyl acetone. 

p-Bromoacetophenone - - - - 

d-Camphor. 

d-Carvone. 
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0pt7«qj«OlUI98 

' 'Otqx’ 

1 1 1 M 1 1 MM 1 ! 

0puo[qoojpiCq 

omzvjpyCqjiCuoqd 

M M 1 M MM S 1 

opuoiqoojpiCq 

opTziiqj«onii9g 

143 

101 

150 

162 

110 

80 

183 

233 

epi2'eqj«orad8 

-jAueqa-t 

M 2 M M MM 1 1 

dxnz'BjpiCq 

-I’Auaqj 

103 

151 

184 

80 

126 

ouiz^jp^tpXuoqd 

148 

269 

235 

epuoiqoojpXq 

9irnxre[y6cojpiCjj 

167 

196 

161 

144 

0TIlZ19JpiCmXU9qd 

75 

101 

128 

130 

112 

140 

284 

216 

258 1 

0piCq0p[«zu9f]^ 

M M 1 M MM ! 2 


Ethyl iso-butyl ketone - - - - 

Ethyl n-heptyl ketone - - - - 

Ethyl levulate. 

Ethyl oxalacetate - - - - - 

Ethyl oxalmalonate - - - - 

Ethyl n-propyl ketone - - - - 

Ethyl i«o-propyl ketone 

Fenchone. 

Fluorenone. 

Furil. 

Furoin ------- 

Galloacsetophenone . - . - 

«-H5rdrindone ----- 
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opiz<Bqjn3oim90 

‘ -ojqx’ 

I I I M MIN I II I 

opuoiqaojpiCq 

©iiizBJtpiCqjiCuoqd 

-biTBiCooiqx'^^ 

105 

94 

97 

Qpuomoaipitq 

opiareqjBonnog 

146 

122 

122 

119 

108 

112 
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-fi^U0qx-^ 
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Oil 
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116 
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163 
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Oil 

45 

57 
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143 

117 

69 

204 
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Pinacolone ------ 41 125 79 — Oil — 158 

Propiophenone ----- Oil 191 53 — — — 176 

n-Propyl wo-butyl ketone - -- — — — — —- — 122 

n-Propyl iao-propyl ketone - -- — — — — — — 119 
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MERCAPTANS 






|i 

i 






t 






00 

AUyl mercaptan 

- 

- 

- 

72 

— 

w-Amyl mercaptan - 

- 

- 

- 

80 

83 

^ 0 -Amyl mfercaptan 

“ 

“ 

“ 

69 

96 

Benzyl mercaptan - 



_ 

130 

183 

p-Bromophenyl mercaptan 

- 

- 

142 

190 

n-Butyl mercaptan - 

- 

- 

- 

66 

92 

iao-Butyl mercaptan 

- 


- 

76 

106 

Cetyl mercaptan 




91 

106 

p-Chlorophenyl mercaptan 

- 

- 

123 

170 

o-Cresyl mercaptan - 

- 

- 

- 

101 

156 

m-Cresyl mercaptan 

- 

- 

- 

91 

145 

p-Cresyl mercaptan 

- 

- 

- 

103 

190 

Cyclohexyl mercaptan 

- 

- 

- 

148 

172 

Decyl mercaptan 




85 

93 

Dimethylene dimorcaptan 

- 

- 

248 

— 

Diphenyl mercaptan 

- 


- 

146 

170 

Ethylene thiohydrin 



i 

101 

_ 

Ethyl mercaptan 

* 


“ 

116 

160 

Furfhryl mercaptan 


- 

- 

130 

— 

Heptyl mercaptan - 

. 

. 

. 

82 

101 

Hexamethylene dimercaptan 

- 

- 

218 

— 

Hexyl mercaptan - 

* 

*• 

• 

74 

97 

Lauryl mercaptan - 

. 

. 

• 

89 

101 
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MERCAPTANS (cont,) 






2:4-Dinitro 
chlorobenzen 

Sulphone 

a-Methyl dimethylenemercaptan 

226 

— 

Methyl mercaptan - . - . 

128 

190 

a-Naphthyl mercaptan - 

176 

_ 

)3-Naphthyl mercaptan . - - 

146 


Nonyl mercaptan - - - . 

86 

92 

Octyl mercaptan - - . . 

78 

98 

i 

Pentamethylene dimeroaptan - 

170 

_ ' 

Phenyl ethyl mercaptan - 

90 

134 

Phenyl mercaptan ♦ - - - 

121 

161 

n-Propyl mercaptan - . - 

81 

128 

t«o-Propyl mercaptan 

95 

141 

Tetramethylene dimercaptan - 

176 

_ 

Thienyl mercaptan - - - - 

119 

143 

Trimethylene dimercaptan 

194 


Undecyl mercaptan . . - 

90 

97 ' 


* Phenyl mercaptan also yields a derivative with phenyl wo-oyanate melting 
at 129’’ (Ind, Eng. Chem. (Anal.), 16, 304 (1944)). 
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NITRILES 

The nitriles listed in this table are those which have actuaUy been 
characterised by the use of phenyl i^o-thiocyanate after reduction to amines 
(Ind, Eng. Chem. (Anal.) 18, 830 (1941)). Other nitriles may be expected 
to yield the corresponding amines as listed on pp. 127 to 135. oe-Naphthyl 
i^o-thiocyanate has been included in this table, since, although it has 
not been applied in precisely this manner, more useful results are to be 
anticipated (see p. 82). 






Naphthyl 

thiocyanate 

Phenyl 

thiocyanate 






C) 

5 

Acetonitrile 

- 

- 

- 

121 

106 

Benzonitrile - 




172 

147 

n-Butyronitrile 

- 

- 

- 

109 

65 

iso-Butyronitrile 

• 

• 

“ 

137 

82 

n-Capronitrile - 

• 



79 

77 

-Capronitrile 

" 

“ 

• 

79 

112 

Glutaronitrile - 

- 

- 

- 

— 

148 

jS-Naphthonitrile 

- 

- 

- 

— 

140 

Pfopionitrile - 

- 

• 

- 

103 

63 

Succinonitrile - 

- 

- 

- 

— 

168 

o-Tolunitrile - 





179 

p-Tolunitrile - 

- 

• 

• 

’—• 

144 

n-Valeronitrile 




103 

69 

wo-Valeronitrile 

• 

- 

• 

97 

102 
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SULPHONAMIDBS 



Saccharin.199 

Sulphamide {NH,SOtNH,) - - - - 183 

Sulpheuiilamide.208 


2:4: 6-Triethyl benzene sulphonamide 
2:4: 6-TriEnethyl benzene sulphonamide 


Nil 

204 
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SULPHONIC ACIDS 



w-Aminobenzene sulphonic acid 
p-Aminobenzene sulphonic acid 
l-Amino-8-naphthol-3 : 6-disulphonic acid 
Anthraquinonc>2-sulphonic acid ... 

Benzene o-disulphonic acid - . - . 

Benzene m-disulphonic acid - - . . 

Benzene sulphonic acid ..... 
Benzthiazol-2-8ulphonic acid .... 
Benzylaminoazobenzene-p-sulphonic acid - 
a-Bromocamphor-a-sulphonic acid - 

d-Camphor sulphonic acid .... 
p-Chlorobenzeno sulphonic acid ... 

m-Diethylaminobenzene sulphonic cwjid 
2 : 4-Dinitro-l-naphthol-7-sulphonic acid - 
Diphenyl-pp'-disulphonic acid - - . - 

Ethyl sulphonic acid 

8-Hydroxyquinolme-5-sulphonic acid 

Metanilic acid ^ee m-Aminohenzene siUpk<mic acid 

Naphthalene-1 : 6-disulphonic acid - 
Naphthalene-1 : 6-disulphonic acid - 
Naphthalene-2 : 6-disulphonic acid - - - 

Naphth8Jene-2 ; 7-disulphonic acid - - . 

Naphthalene-1-sulphonic acid - - - - 

Naphthalene-2-suiphonic acid -_- - 


148 

182 

312d, 

211 


206 

214 

148 

171 

Nil 

134 


210 

176 


182 

128 

171 


115 


197 


257 

$ld. 

256 

205d. 

137 
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SULPHONIC ACIDS (cont.) 


NaphihaJone -1 : 3 : 5 *triHulphonic acid 
l-Naphthol -3 : 6-disulphonic acid 

1- Naphthol -4 : 8-disulphonic acid 

2 - Naphthol -3 : 6-disulphonic acid 
2 -Naphthol -6 ; 8-disulphonic acid 

l-Naphthol-2-sulphonic acid - - - . 

1- Naphthol- 4 -sulphonic acid - - - - 

2- Naphthol-6-sulphonic acid - . . . 

2-Naphthol-8-sulph(>nic acid ... - 

2 -Naphthylamine -4 : 8-disulphonic acid 

2 -Naphthylamino -6 : 8-disulphonic acid 
l-Naphthylamino- 4 -sulphonic acid - 

l-Naphthylamine- 5 -sulphonic acid - 

1- Naphthylamino-8-sulphonic acid - 

2 - Naphthylamino- 6 -sulphonic acid 
//?-Nitrobenzeno-siiIphonic acid- 

Phenol-jy-sulphonic acid 
Phenylhydrazine-p-sulphonic acid 
iV-Phenyl-l-naphthylamine-8-.sulphonic acid 

8alicylsulphonic acid . . . . - 

Sulphanilic acid see p-Aminobenzene sulphonic acid 
o-Sulphobonzoic acid . . . - - 

tn-Sulphobonzoic acid - - - - 

jO-Sulphobenzoic acid . . - - 

Toluene o-sulphonic acid - - - - - 

Toluene p-sulphonic acid - - - - - 

p-Toluidine-w-sulphonic acid (CH3 = 1 ) 

Thymol sulphonic acid - . - - - 

o-Xylene sulphonic acid - . - - - 

?w-Xylene sulphonic acid - - - - - 

p-Xylene-sulphonic acid - - - - - 


169 

Nil 

182.9d. 
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Acetates. pa^ea 33, 165 

Acetic acid.33 

Acetic anhydride. 11, 18, 23, 29, 33, 129, 136, 166 

Acetone - .- .- .- -- .-72 

Acetyl chloride.33 

Acetyl derivatives ------ 33, 129, 136, 156 

Acid chlorides - -- -- -- -- -36 

Acids, carboxylic - - - - - - - - - -9, 110 

identification with aniline ------- 36 

p-bromophenacyl bromide - - - - 42 

p-nitrobenzyl bromide - - - - 67 

phenacyl bromide - - - - > 74 

p-toluidine - . - - - - - 98 

Alcohols. 11, 33, 85, 116 

identification with acetic anhydride ----- 33 

3 : 6-dinitrobenzoyl chloride - - - 48 

a-nnphthyl -iao-cyanate - - - - 62 

^-nitrobenzoyl chloride - - - - 66 

p-nitrophenyl i^o-cyanato - - - - 70 

3- nitrophthalic anhydride - - - - 73 

phenyl ^o-cyanate - - - - - 76 

jp-xenyl i^o-cyanate ----- 105 

estimation with acetic anhydride ------ 33 

Aldehydes.13, 120 

identification with dimedone ------- 44 

2: 4-dmitrophenylhydrazine - - - 62 

hydroxylamine hydrochloride - - - »68 

jo-nitrophenylhydrazine - - - - 72 

phenylhydrazine hydrochloride - - - 78 

4- phenylsemicarbazide - - - - 80 

semicarbazide hydrochloride - - - 89 

p-thiocyanophenylhydrazine hydrochloride 93 

thiosemicarbazide.94 

estimation with 2 : 4-dinitrophenylhydrazine - - - - 63 

hydroxylamine hydrochloride - - - 68, 69 

Aldoximes - - - -. 54 ^ 58 

Alkaloids.18, 124 

identification with picric acid ------- 86 

styphnic acid.91 

Amides.18, 126 

identification with xanthydrol -.102 

164 












INDEX 
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Amines, primary.pojTM 19, 69, 127, 129 

identification with acetic anhydride. 34 

benzaldehyde. 37 

benzenesnlphonyl chloride - - - - 39 

benzoyl chloride.40 

2 :4-dmitrochlorobenzene - - - - 60 

formic acid. 57 

a-naphthyl i^o-cyanate - - - - 63 

a-naphthyl i«o-thiocyanate - - - 64 

^-nitrobenzaldehyde.65 

p-nitrophenyl wo-cyanate - > - - 70 

phenyl ^o-thiocyanate - - - - 81 

phthalic anliydride ----- 83 

picric acid. 86 

picryl chloride. 88 

p-toluenesulphonyl chloride - - - 96 

1:3: 6 -trinitrobenzene - - - - 99 

2:4: 5-trinitrotohiene . - . . loi 

Amines, secondary.23, 69, 136 

identification with acetic anhydride ----- 34 

bonzonosnlphonyl chloride - - - - 39 

benzoyl chloride ----- 40 

2 : 4-dinitrochlorobenzene - - - - 50 

formic acid ------ 67 

a-naphthyl ^o-cyanate - - - - 63 

a-naphthyl -thiocyanate - - - 64 

p-nitrophenyl ?^o-cyanate - - - - 70 

picric acid ------- 85 

picryl chloride ------ 88 

p-toluenesulphonyl chloride - - - 96 

Amines, separation of primary, secondary and tertiary - - - 38 

Amines, tertiary.- - - - 34 ^ 138 

identification with methyl iodide - - - - - - 61 

picric acid ------ 86 

1:3: 6 -trinitrobenzene - - - - 99 

Amino acids -------- - 39, 49, 64, 71 

0-Aminoglyoollic aeid - - - - - - - - - 17 

Aminoguanidin©.17 

Anhydrides ---.*36 

AniHdes. 36, 76, 110, 142 

Aniline.9, 869 110 

Anils. 37, 66 , 129 

Anthraquinone- 2 -carboxylic acid chloride.13 

o-Aroylbenzoio CMsids.84, 144 

Arylidene derivatives.36 
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Aryloxyac(>tic acids pages 43, 155 

Barbituric acids --------- 25, 140 

identification witli /)-nitrobenzyl bromide - , - - 67 

xanthydrol - - - - - - 104 

Benzaldehyde - - - - - - - 13, 19, 36, 129, 146 

Benzal derivatives 36, 129, 146 

Benzenosulphonamides 38, 127, 129, 136 

Benzenesulphonyl chlorides - . . 19, 23, 30, 38, 127, 129, 136 

Benzoates 40, 155 

Benzoic anhydride^ --------- 40 

Benzoyl chloride*. - - - •• 19, 23, 29, 40, 127, 129, 136, 155 

Benzoyl derivatives 40, 127, 129, 136, 155 

Benzyl chloride ---------- 25 

1 -Benzyl-1“phenylhydrazine - - - - - - - - 15 

Benzylsemicarbazide --------- Hi 

Benzylsulphony] chloride - - - - - - - - 21 , 24 

Benzyl-ftVo-thiour(‘a hydrochloride - - - - - 10, 31, 41, 162 

S-Benzylthiuroniuin chloride, 8(e BenzyWi>^o-thiourca hydrocMoride 
<o-BronH)ac(^toph(‘none, see Pheriacyl bromide 

p-Bromoaniline, 9 

w-Bromobenzazidt* - - - - - - - - - 21 

jL>-Bromobenzazidc - - - - - - - - - 21 

p-Bromobenzenesuiphon^ 1 chloride - - - - - - 21, 24 

o-Bromobenzhydi‘azide - - - - - - - - - 14 

ya-Brornobenzliydrazide - - - - - - - • 14 

p-Broinobcnzhydrazido - - - - - - - * - 14 

p-Broraobenzyl-iso-thiourea hydi-ochloritle - - - - - 10 

Bromoniethylphthalimide - - - - - - - - 13 

l-Bromo-2-naphthylainine -------- 9 

7 >-Bromophenacyl bromide.9, 42, 110 

p-Bromophenacyl (asters 42, 110 

p-Bromophenylhydrazine hydrochloride - - - - - 15 

p-Bromophenyl fso-thiocyanate - - - - - - - 21 

o-Bromo-p-toluidino --------- 9 

Carbanilates ---------- 75 , 155 

Carbonyl compounds, see Aldehydes and ketones 
Carboxylic aqids, see AcidSy carboxylic 

Garboxy-methylhydrazine.- 15 

o-Carboxy-phenylhydrazin (3 .15 

m-Carhoxy-phenylhydrazine.15 

p-Carboxy-phenylhydrazine.15 

o-Chlorobenzhydrazide - - - - ' - - - - - 14 

Chloroacetic acid.- 29, 43, 155 
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m-Chlorobenzazi(lo page 21 

m-Chlorobenzhydrazide 14 

^-C/hlorobenzhydrazide - - - - - - - - - 14 

/ 5 .Chlorobenzyl-V 5 o-thiouroa li^drochlonde - - - - - JO 

p-Chlorophenacyl bromido - - - - - - - . JO 

p-ChJorophonyJhydrazine h\ dr()f*Jiiorid<‘ ----- 15 

p-Chlorophenyl ^so-thiooyanat(' - - - - - - - 21 

Chlorosulphonic* ac*id 2(5 

b)ianiinolx‘nz(‘iie, see Phenglefu 'h((nnNi 

Dibc'iizul (J(Tivativ(Ns - - - - - - - - - 3(5 

3 : 4-DimetlioxyphonyI /.s‘o-(*yan.U(' 12 

pp'-DianunodiphonyJmetbaiu' ------- 9 

Dimodone - - - - - - - - - - 13, 44, 120 

5 ; 5-Dimethylcyclohoxaii <‘-1 ; 3-di(>ii(% see D’tntedone 

3 : 5-Dinitrobonzazido - - - - - - - - - 21 

3 : r)-Diintr()bonzliydmzid(' - - - - - - - - 14 

2 : 4-r)initrobeiizoio acid -------- 22 

3 : 5-Dinitrobonzoic acid - - - - - - - - 22 

3 : 5-i)initrobcnzoie -48, J15, J55 

3 : 5 -Dinitrob 0 nzoyl cJiJoridr - - - - 11, 2(>, 28, 29, 48, 115, 155 

2 : 4-Dinitrochlorobenz(*n(‘ - - 19. 23, 28, 30, 50, 127, J29, J3(l 

3 : 5-Dinitro-4-motliyl b(‘nzazi(lr - - - - . - 21 

3 : 5-Dinitrophenyl ?, 90 -eyanat(‘ - - - - - - - J2, 22 

2 : 4-DinitroplienyJhydrazin(‘.13, 52, 120, 140 

2 : 4-Dinitrophenylhy<lrazori('s - - . . . r>2, J20, 140 

2 : 4-Dinitroph(*nylsemicarbazid<‘ - - - - - - - 10 

3 : S-DinitrophonyLsemiearba/id- - - - - - - 10 

3 : 5-Dinitro-o-toluic acid 22 

3 : 5-Dimtro-p-toluic acid -------- 22 

Diplienylcarbamates 50, 155 

Dipheiiylcarbamyl chlorid(' 29, 56, 155 

a^,V/?^-Diphenylhydrazinc hydrochloi idi' - - - - - - 15 

EsHcntial oiLs - - - - - * - - - - - 34 

Estern ----------- 35 

Ethers ----------- 26, 141 

Ethers, aromatic 

identification with picric acid ------- 85 

1:3; 5-lnuitiulH UZ<'n(‘ - - - - 99 

Ethyl iodide ----------- 25 

Ethyl sulphone diacotat^i.22 

Formaldehyde - - - - - - - - - - 72 

determination with dimedono ^ 47 
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Fomiic acid. pages 19, 23, 57, 129, 136 


Formyl derivatives 57 , 129, 136 

Furfural - -----72 

Girard’s reagent P .-----.--15 
Girard’s reagent T .-...--.-15 
Grignard reagents.29, 76 

HaHdes.26, 142 

identification with a-naphthyl ^o-cyanate - - - - 63 

phenyl ^o-cyanate - - - - - 76 

Heterocyclic compounds - - - - - - - 91, 143 

identification with picric acid ------- 86 

1:3: 5-trinitrobenzene - - - - 99 

Hydrazines, substituted.- 71, 108 

Hydrocarbons, aromatic ------- 27, 144 

identification with phthalic anhydride.84 

picric acid ------- 85 

styphnie acid - - - - - - 91 

1:3: 5-trinitrobenzene - - - - 99 

HydroxyJainine hydrochloride. 13, 58, 120, 146 

4-Iododiphenyl-4'-itfo-cyanato - - - - - - - 12 

jo-Iodophenacyl bromide - - - - - - - - 10 

Ketomethylenes --------- 30, 146 

Ketones.13, 146 

identification with 2 : 4-dinitrophonylhydrazine - - - 52 

hydroxylamino hydrochloride - - - 58 

^?-nitrophenylhydrazinc - - - - 72 

phenylhydrazine hydrochloride - - - 78 

4-phenylsemicarbazide - - - - 80 

semicarbazide hydrochloride - - - 89 

jo-thiocyanophenylhydrazine hydrochloride 93 

thiosemicarbazide ----- 94 

estimation with 2 :4-dinitrophenylhydrazine - - - - 63 

hydroxyleimine hydrochloride - - - 68 , 69 

Ketoximes. 68 

l-Menthydrazide 15 

Mercaptans. 28, 49, 74, 162 

identification with 2 : 4-dinitrochlorobenzene - - - - 61 

Meroaptides.61, 162 

Methaaesulphonyl chloride.21 

p-Methoxyphenyl iso-oyanate. 12 
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Methyl-furfural.jpo^e 72 

Methyl iodide.- 24, 61 , 138 

1-Methyl-l-phenylhydrazine.i 5 

Methyl ^-toluene sulphonate. 25 

a-Naphthalides --------- 03 ^ 142 

j 8 -Naphthazide. 21 

j3-Naphthydrazide.16 

a-Naphthylamine. 9 , 48, 116 

jS-Naphthylamiiie. 9 

a-Naphthyl carbamates 62, 116 

a-Naphthyl i^o-cyanate 11 , 19, 23, 26, 29, 62, 116, 127, 136, 142, 155 
j5-Naphthyl Mo-cyanate --------- 30 

a-Naphthylhydrazine hydrochloride - - - - - - 16 

jS-Naphthylhydrazine hydrochloride.16 

a-Naphthylsemicarbazide - - - - - - - - 16 

jS-Naphthylsemicarbazide - - - - - - - - 16 

a-Naphthyl -thiocyanate - - - - 19, 29, 64 , 127, 136, 154 

j 8 -Naphthyl iso-thiocyanate - - - - - - - -21, 23 

a-Naphthylthiouroas ------ 64, 127, 136, 154 

a-Naphthylnreas. 63, 127, 136 

a-Naphthylurethanes -------- 62, 116,166 

Nitriles.29, 154 

identification with a-naphthyl -i^o-thiocyanate - - - 82 

phenyl iso-thiocyanate - - - - 82 

l-Nitroanthraquinone-2-carboxylic acid chloride - - - - 13 

p-Nitrobenzaldehyde.19, 65 , 129 

jo-Nitrobenzal derivatives ------- 66 , 129 

m-Nitrobenzazide .. 21 

p-Nitrobenzazide ----------21 

o-Nitrobenzeno sulphonhydrazide - - - - - - - 16 

m-Nitrobenzene sulphonhydrazide.15 

p-Nitrohenzene sulphonhydrazide.16 

m-Nitrobenzenesulphonyl chloride - - - - - -21, 23 

o-Nitrobenzhydrazide - -.16 

m-Nitrobenzhydrazide -.16 

p-Nitrobenzhydrazide - -.15 

p-Nitrobenzoic esters. 66 , 116, 165 

jp-Nitrobenzoyl chloride. 11 , 29, 66, 115, 156 

m-Nitrobenzoyl iao-thiocyanate.21 

jo-Nitrobenzyl bromide - - - - 9, 24, 26, 29, 67 , HO, 140, 156 

jp-Nitrobenzyl chloride.10 

p-Nitrobenzyl esters.- 67,110 

^-Nitrobenzyl ethers. 68 , 165 

p^Nitrobenzyl iodide.10 
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;^-Nitrobenzyl 8 omicarbazi(l(^ p<ige 16 

Nitrogiianylhydrazine - - - - - - - - - 16 

jt>-Nitrophenyl carbamates - - - - - - - 70, ]]5 

/;-Nitrophenyl carbirnido, f^re p-Nitrophenifl Uo-cyanate, 
o-Nitrophonyl ^^o-cyanate - - - - - - - - 12, 22 

?/^i-Nitrophenyl ^o-cyanate - - - - - - - - 12 , 22 

p-Nitrophenyl ivo-eyanate - - - 1 ], 19, 23, 69, 115, 127, 136 

o-Nitroplu'iiylhydrazine - - - - - - - - 15 

w-Nitropbemylhydrazine - - - - - > - - 16 

p-Nitrophenylhydrazine - - ~ - - - 13. 71, 120, 146 

p-Nitroph(‘nylhydrazon(\s 72, 120, 146 

p-Nitrophenylsemicarbazi(l<‘ - - - - - - - - Ki 

m-Nitrophenyl ?*.'?o-thiooyanat(' ....... 21 

/>-Nitrophonylureas - - - - - - - 70, 127, 136 

p-Nitrophenylurethanos - - - - - - - 70, 115 

3*Nitrophthalic anyiydrid(' - - - - - - II, 28,73, 115 

3-Nitrophthalic esters -------- 73 , ]15 

Nitrourea 22 

p-Nitroxenylseniicarbazidf' • - - - - - - - 16 

Osazones 7s 

Oximes.- - - - 58, 120, 146 

Phenacyl bromide 9,74, 110 

Phonacyl esters - - - - - - - - - 74, 110 

Phenanthrone (mono) sulphonic acids ------ 32 

identification with p-tohiidine ------ 98 

Phenols. 29 , 39, 52, 155 

identification with acetic anhydride ----- 33 

benzoyl chloride ----- 40 

chloroacetie acid ----- 43 

3 : 5-tiinitrohenzoyl chloride - - - 49 

diphenylcarbainyl chloride - - - 56 

a-naphthyl 7.sc>-cyanate - - - - 62 

p-iiitrobenzoyl chloride - - - - 66 

p-nitrobenzyJ bromide . - . . 68 

phenyl 7 so-eyanato ----- 75 

picric acid.85 

p-toluenesulphonyl chloride - - - 97 

1:3: 5-trinitrobenzeno - - - - 99 

p-xenyl ?>o-cyanate . - . - - 106 

estimation with acetic anhydride ------ 33 

Phenylacetonitl*ile, identification witli benzaldehyde - - - 37 

Phenyl carbamates.75, 116, 166 

Phenyl carbimide, see PJienyl iao-cyanate 
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Phenyl i^o-cyanate - - - pages 11 , 26, 29, 76, 116» 142, 166 

o-Phenylenediamine - - - • - • - - • 10 

Phenylhydrazine hydrochloride. 13, 78, 120, 146 

Phenylhydrazine-jo-sulphonic acid.16 

Phenylhydrazones. 78, 120, 146 

p-Phenylphenacyl bromide - - - - - - - - 10 

4-PhenylHomicarbazide - - - - - - - 13, 80, 120, 146 

4-Pheiiylsemicarbazone8 ------ 80, 120, 146 

Phenylsemioxamazide - - - - - - - - - 17 

Phenyl ijjo-thiocyanate - - - - - 19, 29, 81, 127, 129, 154 

Phenylthioureas - - - - - - - - 81, 127, 129, 164 

Phenylurethanes * - - - - - - - 76, 116, 166 

Phloroglucinol ---------- 29 

Phthalic anhydride. 13, 19, 27, 88 , 127, 129 

Phthalimides -------- 83, 127, 129 

Phthalyl chloride ----------18 

Picramides 88 , 127, 129, 136 

Picrateft - - - 86 , 124, 127, 129, 136, 138, 141, 143, 144, 166 

Picric acid - - - - 18, 19, 23, 24, 26, 27, 29, 85, 124, 127,129, 

136, 138, 141, 143, 144, 166 
Picrolonic acid .----.-..-18 

Picryl chloride. 19, 23, 88 , 127, 129, 136 

Potassium 3-nitrophthalimide ------- 27 

Potassium phthalimide - - - - - - 27 

Potassium tetrachlorophthalimide - - - - - - - 27 

Pyrazoles - -- -- .- ...-79 

Pyridinium acetohydrazide chloride - - - - •• - 16 

Quinones 54 

Semicarbazide hydi’ochloride - . . - - . 13,89, 120 , 146 

SemicarbazoiK's. 89, 120, 146 

Semioxamazide - - - - - - - - - - 17 

Styphnates.91, 124, 144 

Ktyphnic acid - - - - 18, 24, 27, 91, 124, 138, 142, 144 

Sulphonamides. 81, 38, 96, 127^ 129, 136, 161 

identification with xanthydrol -.103 

Sulphones.28, 61, 162 

Sulphonic acida.81, 79, 162 

identification with benzyl-wo-thiourea hydrochloride - - 41 

Tetrachlorophthalic anhydride.27, 28 

Thioacetic acid.33 

p-Thioeyanophenylhydrazine hydrochloride - - - 13, 98, 120 , 146 

p-Thiocyanophenylhydrazpnes - ' - - - - 93,120,146 
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Thioglycollic acid. page 29 

Thiosemicarbazide.13, 120 , 146 

ITiiosemioarbazonee. 94, 120, 140 

p^Toluenesulphonamides. 96, 127, 129, 136 

p-Toluenesulphonyl chloride - - - - 19, 23, 29, 96, 127, 136,166 

p-Toluenesulphonyl esters 97 , 155 

p-Toliiidides - - - ..98, 110 

o-Tolixidine. 9 

p-Toluidino.9, 31, 98, 110 

o-Tolylhydrazine hydrochloride.16 

m-Tolylhydrazine hydrochloride.16 

p-TolyJhydrazine hydrochloride - - - - - - - 16 

o-Tolylsemicarbazide.16 

w-Tolylsemicarbazide.16 

p-Tolylsemicarbazide. 17 

c-Tolyl i^o-thiocyenate.22 

2:4: 6 *Tribromoaniline. 9 

Trimethylammoniiim aoetohydrazide chloride - - - - 15 

1:3: 6 -Trmitrobenzene - - - - 19, 23, 24, 26, 27, 29, 99, 129, 

136, 138, 141, 143, 144, 166 
2:4: 6 -Trimtrobenzoyl chloride - - - - - . - 13 

2:4; 6 -Trimtrochlorobenzene, see Picryl chloride 
2:4: 6 -Triiutrophenol, see Picric add 

2:4: 6 -Triiutrophonylhydrazin 0 .16 

2:4: 5-Trinitrotoluene.19, IQl, 127 

2:4: 6 -Trinitrotoluene ---------22 

Urethanes 

identification with xanthydrol - - - - - - 102 

Xanthydrol.18* 26, 31,162, 126, 140, 161 

p-Xenyl carbamates.106, 116, 166 

p-Xenyl ww-cyanate. 11 , 22, 29, 166, 116, 166 

p-Xenylhydrazine.16 

p*Xenylsemicarbazide.17 

p-Xenyl i«o-thiocyanate - ..22 

p-Xenyl urethanes - -.108, 116, 166 
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